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CONVERSION FACTORS FOR U.S. CUSTOMARY

TO METRIC (SI) UNITS OF MEASUREMENT

To Convert From

To

Multiply By

angstrom
atmosphere {(normal)

bar

barn

British thermal unit (thermochemical)
calorie (thermochemical)

cal (thermochemical)/cm?

curie

degree (angle)

degree Fahrenhelit

electron volt

erg

erg/second

foot

foot-pound-force

gallon (U.S. liquid)

inch

jerk

joule/kilogram (J/kg) (radiation dose
absorbed)

kilotons

kip (1000 1bf)
kip/inch? (ksi)
ktap

micron

mil

mile (international)

ounce

pound-force (1bf avoirdupois)
pound-force inch
pound-force/inch
pound-force/foot?
pound-force/inch? (psi)
pound-mass (1bm avoirdupois)

pound-mass-foot? (moment of tnertia)

pound-mass/foot’

rad (radiation dose absorbed)
roentgen

shake

slug

torr (mm Hg, 0° C)

meters (m)

kilo pascal (kPa)
kilo pascal (kPa)
meter? (m?)

joule (J)

joule (J)

mega joule/m? (MJ/w?)
giga becquerel (GBqQ)*
radian (rad)

degree kelvin (K)
joule (1)

joule (J)

watt (W)

meter (m)

joule (J)

meter? (m3)

meter (m)

joule (J)

Gray (Gy)*s
terajoules
newton (N)

kilo pascal (kPa)

neutcn-sgcond/m2
(N=-s/m*)

meter (m)

meter (m)

meter (m)

kilogram (kg)
newton (N)
newton-meter (N-m)
newton/meter (N/m)
kile pascal (kPa)
kilo pascal (kPa)
kilogram (kg)

kllogram-mecerz

(kgem')
kilogram meter
(kg/m?)
Gray (Cy)**

coulomb/kilogram (C/kg)

3

second (s)
kilogram (kg)
kilo pascal (kPa)

T

1
1
1
1
1.
4
4
3
1

-000
.013
.000
.000
054
. 184
.184
.700
745

P (te f + 459

000 X E -10
25 X E +2
X E +2

000
000
350
000
000
000
329

X
X

X
X
X

E
E

E
E
E

-28

+3

-2
+1
-2

1.602 19 X E -19

1
1
3
1
3
2
1

1
4
4
6

1
1
2
1
2
4
1
1
4
6
4

4

1
1
2
1
1

1

.000
.000
.048
.355
.785
.540
.000

. 000
.183
L448
.894

.000
.000
L5460
.609
.834
L448
.129
.751
.788
.894
.935

L2l

.601
.000
.579
.000
.459
.333

000
000
000
818
412
000
000

000

222
757

952
222
848
268
026
757
924

011

X
X
X

=
m

ke
™

>

b

E T T
m m m m M@
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X

X
X
X
X
X

E
E
E

m

E

E
E
E
E
E

-7
-7
-1

-3
-2
+9

+3

+3

22 X E -1

.67)/1.8

*The becquerel (Bq) is the SI unit of radioactivity; 1 Bq = 1 event/s.
**The Gray (Cy) is the SI unit of absorbed radiation.

A sore complete listing of conversions may be found in "Metric Practice Guide E 380-74,"
American Society for Testing and Meterials.
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GENERAL USER INSTRUCTIONS K

The documentation contained in this report consists of specific
user instructions, equations and program listings for nuclear weapons
targeting calculations using the Texas Instruments TI-59 hand-held P
programmable calculator with the DNA/AP-550 CROM Al installed. The
programs were developed by Horizons Technology, Inc. (HTI) under

contract with the Defense Nuclear Agency, Contract No. DNA 001-78-C-0247

These instructions were prepared for users who have a working
knowledge of the TI-59 calculators. Less experienced users will find

detailed operating instructions in the TI-59 Owner's Manual.

After the instructions for each calculation, this document
includes a section describing the equations used in that calculation

and a section cc¢ aining annotated program listings.

e

Additional program development is being continued. The purpose
of this CROM and associated documentation is to examine the utility and
convenience of this equipment and these programs. Selected sections of i
the referenced document were programmed to provide the ability to run ¥
various types of calculations. Omission of other types of calculations
does not imply that they are not important or will not also be programmed i
in the future. Similarly, the normal test and review procedures are still
in process. Issuance of these CROMs and documents prior to completion
of test and review permits the possibility of programming errors. The
calculated results are developed from variuos numerical representations
of the available data. Two accuracy statements are required. The
precision with which the referenced data are represented is typically
+5% with occasional differences of as much as *15%. The references ]
used claim accuracies of +15% to 25%. The user is cautioned to refer to

the referenced documents for more complete descriptions of uncertainties

in data and methodologies. The approximations made in generating these .
1

data are discussed only to the extent necessary to explain the

cquations used. These approximations can be complex and, if not

understood, can lead an inexperionced uscer to orroneous conclusions. 1

These data are alse valid only within lTimited vanges.  Limits have

5




been imposed in most of the HTI programs to confine them within
the limits of the basic data or within reasonable limits if no
other restrictions pertain. The user is warned by a flashinc
display and termination of input printing when the limits have

been exceeded.

To insert the CROM module into the calculator, follow these

instructions: I

1. Turn the calculator off. Replacing a module with ;

the calculator on may cause the keyboard or display ;
out.

to lock Shorting the contacts can damage the

module or the calculator.

2. Slide out the small panel covering the module com-
partment at the bottom on the back of the calcu-
lator. Be sure to eliminate all static charges

before handling the module.

The

calculator may be turned over to allow the module

3. Remove the module initially in the calculator.

to fall into the user's hand.

4. Insert the new module, notched end first, with the

contact side down into the compartment. The module

should slip effortlessly into place.

5. Replace the cover panel, securing the module against

the contacts.

Descriptions of the auxiliary magnetic card programs for

this CROM module are given as appendices to this document.

These programs run in the turn-on state of the calculator,

pro-

gram 00,

and call the CROM programs as subroutines.

They are

referred to as control programs.

There are four types of

control programs described in Appendices A through D.




Appendix A is a demonstration code than runs CROM

programs sequentially with one set of input parameters.

Appendix B provides for repetitive calculations with

varying inputs, for parametric studies.

Appendix C provides for inversions of several of the

CROM calculations.

Appendix D 1s a program that will calculate probability
of damage to rectangular, triangular, and elliptical

targets.

These auxiliary programs expand the versatility of the
basic CROM module by adding interesting features that would
otherwise be excluded because of memory constraints and input/
output considerations. A control program can reside in calcu-
lator memory, and the CROM nmodule is still immediately acces-

| sible to the user.

Program 01

Program 00
Main Program Memory

Program 02

Data Registers

Main Calculator Memory Program 03

The boxes to the right are proportional
to the sizes of the different memories

Program 04
required in the CROM. Magnetic card

programs are read into the main calcu-

lator memory illustrated above. A

CROM program on the right can be selec- Program 05

ted and run independently. The data

registers, however, are shared by all Program 06

programs. Any program is able to call
a subroutine of another program for Program 07

execution. Thus a control program

residing in the main program memory can Program 08

call and execute a CROM program as a
Program 09

subroutine.

CROM Program Memory




Operation of the CROM is described in section 1, "Gereral
Description." Fvery code is accessed and run through the uni-
versal input routine, program 01, which is also described in
section 1. The example problems shown in each section are
designed to illustrate the use of the PC-100 printer with
the calculator. 1In cases where intermediate results are
printed but not displayed, the storage registers for these
results are given so that they may be recalled when using the
calculator in the hand-held mode. Storage registers 6-9 and
30-59 are always available to the user and have no effect on

CROM program operation.

The inputs necessary to perform the calculations programmed
in this CROM are briefly defined in each program section of
this document. The user is referred to the Defense Intelligence
Agency's Physical Vulnerability Handbook - Nuclear Weapons (U),
AP-550-1-2-60-INT, June 1, 1969, CONFIDENTIAL, for further

information.

At the top of the first page of every program section of
this document is an image titled "AP-550 PROMPT Al". These
are images of non-magnetic "prompt" cards that slip into the
card holder on the front of the TI-59 calculator. The purpose
of these cards is to provide an input guide for the user. No

magnetic data 1s or can be stored on these cards.




Section 1

CROM Operation: General Input Routine
and Calculational Capabilities.




AP-550 CROM Al - GENERAL INPUT ROUTINE AND DESCRIPTION

To facilitate both versatility and case of use, the
DNA/AP-550 CROM Al was designed to operate entirely through
program 01, the universal input routine. To e¢nsure that the
AP-550 CROM is installed in the calculator, enter the keystrokew
2nd Pgm 01 SBR 2nd Write. 'The PC-100 printer will then print:

DNA/AD-550.

Once program 01 has been selected, the calculator can be
left in that mode. The universal input program automatically
selects all programs and stores all inputs.

Inputs are cntered into keys A through E and 2nd A' through 2nd
D' in accordance with the input label plan shown in Figure 1.
Inputs may be entered in any order, except that in the Equiva-
lent Target Area code, programs 6.0 and 6.1, the length VN and
length k -factor must be entered successively into key D, as:
length VN, D; length k-factor, D. The same applies to the width
VN and k-factor in key E. The offset and radius of safety
must also be entered successively into key D when executing
program 5.1. Other than these special cases, all inputs can
be independently entered before program exccution. All inputs
are saved (with the exception of environment classification in
the Personnel Vulnerability program) during the course of
execution and do not need to be re-entered when another calcu-

lation is initiated.

To run a calculation, first enter the data with the appro-
priate keys (as shown in Fig. 1), and then enter a two-digit
code number of the form a.b with key 2nd E'. This number sclects
the primary calculation and subcalculation to be run. All the
calculations that may be ruvn, and their associated code numbers,
are shown in Table 1. Once a calculation is sclected, the code
number for that calculation neced not be re-entered if a repeat

calculation is desired. Pressing R/S will initiate the previous

keyed~in calculation even if the inputs are changed.

oiite
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Programs 2.0 through 2.7 Programs 6.0 and 6.1

TARGET DAMAGE AIM
CEP RADIUS OFFSET S1GMA CEP  [LENGTH | WIDTH POINT
-~ , K- LENGTH | WIDIH
VIELD § OB YWl Factor | | TIELD | HOB WK | U, K
Weapon Radius., P and Q Targets; Pd to Prob. of Damage, ETA, VN System

: i
circular normal targets

Programs 3.0 through 3.2 Program 6.7
TARGET DAMAGE . T AIM
Cep RADIUS QFFSET STGMA CEP  [LENGTH | WIDTH POINT |
|
, |LENGTH | WIDTH
WR YIELD HOB  [MEDIUM CRM CRM
Pd to point and circular targets, normal Prob. of Damage, ETA, crater radius
and uniform dist. method
Programs 4.0 and 4.1 Program 6.3
AIM
' |
CEP  [LENGTH | WIDTH POINT
- LENGTH WIOTH
YIELD HOB ENVIR. WR VR
Personnel Vulnerability Prob. of Damage, ETA, weapon radius
method
Programs 5.0 through 5.3 Programs 7.0 through 7.4
TROOP DESIRED
orsp. | YULN- 1 RISK P assr.
vie | owos | ocep [ORFRETRL pen YIFLD | HOB  |MEDIUM |RADIUS
Minimum Safe Dist., Fallout-Safe HOB Cratering '

Figure 1. An assignrient of variables to user-defined keys for each
program in AP-550 CROM Al. The lower rows of rectangles
for each program type represent Keys A through E. The
upper rows represent Keys 2nd A' through 2nd E'.
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Table 1. A complete list of calculations
available with AP-550 CROM A1,

i ———
CODE DESCRIPTION
e N
2.0 Weapon radius and probability of damaqge, P-tarqget*
2.1 Weapon radius and probability of damage, 0 -tarqgets
i 2.2 Weapon radius and probability of damage at optimum HOB, P-target®*
2.3 Weapon radius and probability of damage at optimun HOB, U-target*
2.4 Weapon radius, P-target
2.5 Weapon radius, Q-target
2.6 Weapon radius at optimum HOB, P-target
2.7 Weapon radius at optimum HOB, Q-target
e I
3.0 Probability of damage - point target
3.1 Probability of damage - circular normal distribution
3. Probability of damage - circular uniform distribution
4.0 Personnel weapon radius, any HGB
4.1 Personnel weapon radius, optimum HOB
5.0 Radius of safety and minimum safe distance
5.1 Probability of not exceeding acceptable weapons effects
5. The minimum HOB which has a certain probability of being
fallout-safe
5.3 The probability that a certain HOB is fallout-safe
6.0 Probability of damage, ETA, VN method, P-target
6.1 Probability of damage, ETA, VN method, (-taiget
6.2 Probability of damage, ETA. crater radius method
6.3 Prob. of damage, ETA, lenath and width weapon radii specified
—
7.0 Crater radius, depth and volume
7.1 Invert for HOB
7.2 Invert for yield
7.3 Calculate optimum HOB for maximum crater radius
7.4 Calculate optimum HOB and minimum yield for given crater radius

*circular normal distributions only.

12
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‘ The running calculation prints the calculation code number

first, the inputs second, and then pauses until the solution 1is ,
found and printed. During the input printing cycle, 1inputs

are checked to determine if they are within an acceptable range,

if limited by the program. These automatic limits are specified

at the end of each program description. If a value falls out-

s1de the allowed data range, the calculator sets an error con- '
dition, prints the excecded input, and stops excecutlion with the

exceeded limit flashing in the display. The 1nput value 1tself

1s in the t-reyister for i1nspection.  The procedure for correcting

the error is to press (LR, re-enter a new input value with the

appropriate key, and press R/S to start the calculation over. |

Should 1t become necessary to stop the calculator while
a CROM program 1s running, the reset kKey, RST, can be pressed
to return program control to the keyboard, Pressing the R/S
key has no eftfect when the calculator 1s running in CROM
memory. The RST key also takes the calculator out of any CRoH
program and leaves the polnter in program 00, which 15 the
program the machine is in when 1t 1s turned on or when it a1s
running a magynetic card program.  To use the CROM, program 0]
must be selected again.,  For this reason, consider the R

ey only as an emerqgency halt command.

When running the example problems 1n the tollowin: prograns,

it is usceful to note that steps 1 and 2 are always the soame:

1) turn off, then on, and 2) select program 01, It the calcu-

lator is already on and in program 01, these steps necd not be

repeated between examples, However, it is important to onton

all the inputs required for a particular calculation, otherwise

values previously entered will be stored 1n memory and can be

misuseod. Table 2 lists the inputs and outputs and thear ]
corresponding printer alphanumerics for each of the main CROM

programs. Note that Table 2 inciludes the same information

presented graphically 1n Figure 1.




Table 2. 1Inputs and outputs for cach of the main CROM programs
and their corresponding printer alphanumerics.

TNPUTS KEY | ALPRA OUTPUTS ALPHA .
Program 0¢ (see note at end P
of table) -
Yield A Y Weapon Radius W -
Height of burst B H Optimum height of burst H b
Vulnerability number D Vv (printed with inputs)
k-factor 3 K Probability of damage p
Program 03 ‘
Weadbon rdadias C W Probability of Damage e ;
Circalar error probable A’ C i
Target radius ! T X
Utfcet C' X j
Latage s 0! S i
Poam
URERRES A Y Weapun radius W
coant oot borst & H bamage sigma S
frvaironrent ( t Optunum height of burst H
(printed with inputs) .
Y
ARLIREL "
el A ¥ Hadtus of safety kS
FAR YU SN N b H Minamun safe distance N
oy oy et g e ( ( Probability }
toaet ‘ S Heelght of burst H !
N thty ' o 1
AL e in beegnt t bri
LY (fl‘,;u: 116N Al i
valrerata ity conditinn {5 Y .
viotab e vk - K 1
EEETY) BESTIRIY SRR IR o }
. ——— 4 e ———— —
' [ P
e - Y bength weapon vadrge. b .
Hea et oot b \ H Width weapon radius Wl 4
Certr o [t
[UR RS AL AN : Wy
Lenegth bty tin N Lk
Wttt k-t actor f Wt
Crrcalar ervor protabde ' {
Length B l
width (' W
M point n' I
“ovl o omedyge ¢ M J .
. - e S B




Table 2. (Continucd)

INPUTS KEY } ALPHA OUTPUTS ALPHA
Program 06 (continued)
Length crater radius
multiplier D LM
Width crater radius
multiplier £ WM
Length weapon radius D LW
Width weapon radius E WW
Program 07
Yield A Y Radius R
Height of burst B H Depth N
Soil Medium C M Volume* none
Radius D R Yield (also minimum yield) 4
Height of burst (also opti- H
mum height of burst)

* Volume will apwvear in

Note on Program 02:

the display after pressing 2nd x.

Programs 2.0 through 2.3 calculate

probability of damage to circular normal targets in addi-
tion to weapon radii. This is made possible by an internal
command that automatically transfers the calculated weapon
radii to program 03. Therefore, to calculate a probability
of damage utilizing program 02., 1.e., to invoke calcula-
tions 2.0 through 2.3, the inputs listed for program 03
must also be entered with the exception of weapon radius.

The appendices to this document contain magnetic card auxiliary

programs that usc the CROM module's proarams as subroutines.

The

auxillary programs are designed to enhance the CROM's versatility

by providing inversion routines for the CROM's main proaram,

itera=-

tion routines for parameter studies and special case considerations,

A list of calculations possible when the auxiliary

cards are used in conjunction with the AP=-550 CROM Al 1s given

Table 3.

proaram magnetic

1n

R RO

o1




Table 3. A list of auxiliary magnetic card programs
given in the appendices of this document.

CONTROL CARD CALCULATIONS

Appendix A - Demonstration Program

(a) will run a number of CROM programs in a single
execution, with parameters defaulting to pro-
grammed values. Inputs can be changed at the
option of the user. 1

Appendix B - Itcrations

(a) Appendix Bl will increment up to five different
inputs through a specified range to perform large
numbers of calculations in a single exccution.

(b) Appendix B2 is similar to Appendix Bl, except |
that the valucs of the input parametor being
changed are explicitly specified.

Appendix C - Inversions
(a) Appendix Cl inverts the VNTK System for
yield.
(b) Appendix C2 inverts the Personnel vulner-
ability code for yield.
(c) Appendix C3 inverts the Cratering code fou
the deeper depth of burst.

Appendix D - Problability of Damage

(a) Will calculate probability of damage to rectanaular,
2lliptical and triangular targets by the method
shown in AP-5050,




PARTITION FLAG COMMENTS FLAG COMMENTS
07 exceeded 1imit
AUTOMATIC flag (reset
in this pro-
LIBRARY MODULE gram, set by
CROM A-1 called pro-
(Program 1) grams )
DATA REGISTERS FOR EXAMPLE LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS
Program in use BI04 T -RI13, R19
Line for SBR call S < 7 | formatting
Reg. no. for input in ST = £ | -R14. R20
use S - »R1o’
- Y
used by called program :‘ B 5 E{g
0 T ~R16
T o R17
AL = I R18
[nput., key A TN = Z| advance paper
Input, key B i - initiatepcglc
Input, key C == "z veader
Last input, key D i -
Last input, key E
Input., key A'
Input, key B’
Input, key C'
Input, key D'
Next to last input., kev D
Next to last input, kev f
Used by called
proaram
L > - i




PROGRAM MEMORY (LiST)

COMMENTS

STEP CODE  KEY COMMENTS STEP CODE

RN T LE] If one input: £,
= : Input - R13 e Input > R15
T3 D 3z
23 If two inputs: o1
2 Ist input » RI19 4 !
23 2nd input - RI13 - |
3 E Input » R16
Lz |
Y Input = R17 -
=z c'
jig IInitiate calculation

‘on R/S

|

R O R R | IR R

If one input: Input -~ R18

Input - R14

Z If two inputs:
R 1st input » R20 Return after

2nd input - R14 calculation

Same calculation R/S

oL H Input - R10

Label E'.
Initiate CROM calc.

O R I S O S W I O S

: S5 a1 | (Pam)
Input ~ RI11 TooLT oLt
~ | B - f e
| - 1 :;;i Ef; } _ o '
| : ro A S |
o TLLEL T 2
D2z EREES Input —~ R12 P = IE
I -z 7| C DL o i
I R R T AR IR
S P 5L <2 =70 ! Used to recall input
Odr EE® T sy R values with RCL IND 02
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PROGRAM MEMORY (LIST)

CODE  KEY COMMENTS STE CODE KEY COMMENTS

25 : Zi R
__ For directing
o pointer to proper
E'Ea F label x.4, x.8
T ) If frac(ROO) * .4
D1 o (P-target) .
= 8 Label WRITE: HEADER !
=5 (identify CROM) '
=L Print:
P "DNA/AP-550"
11 13 } Will go to appropri-
. ool ate subroutine call ==
U .
(o 5 Re-adjust program = =
B = pointer when R .
B . frac(ROO) > .4 v A
2 x.0
1na z x.1, x.5 ol R b
e R
1 E - KL
IS EE R x.2, x.6 SR A
IR R J : - LLr
\ _ oz =2 FTH
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DATA

PARTITION FLAG COMMENTS FLAG COMMENTS
00 Prevents limit| 09 Used in other
ﬁh$%ks from programs; re-
alting on
AUTOMATIC error 9o g$telgo$a%g
01 Suppresses turn off trace
LIBRARY MODULE pr'1nt.:1n?. _ mode
CROM A-1 07 Set if Timit
- exceeded
(Prcgram 9)
DATA REGISTERS FOR EXAMPLE LABELS
REG._ COMMENTS STEP CODE KEY COMMENTS
- = g | Round and print
i E: outputs
Register number for S. -
input 1n use L z Check and

Used by PGM 7 segment

Used by PGM 7 segment
Used by PGM 7 segment

Used by PGM 7 segment

- | used by PGM 7 segment

BRI S

il

(RN

[

[

Mmoo

s print inputs

Cverflow from
PGM 7
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PROGRAM MEMORY (LIST)

KEY COMMENTS STEP CODE KEY

COMMENTS

STEP CODE

]

CLL T e

L Label B. Rounds argu- 247 7T GE
ment to 3 significant g I
digits and prints
{outputs)

Mot

e 0 et PV e [T 1)
e i

[
[ B A

d e

mm

P ey n o
1.0

P L b ad [ €0 g

Label B'. Takes lower

Timit for Y in display
and checks and prints

Y (if R02=10)

JL NG N R

IR RO

Label C,

I I R R
PR RN Wi R

Checks Timits on RC*2
{used in sequential
inputs)

Label A.

Check 1imits on input,
entered with: input,

x o t, o+hi x alpha

If x=70 then skip 955?
rest of checks Gr

o TEF

Error routine if _3;

X<10 =

P

TF

Error routine if x hi

Printing suppressed if
flag 1 set

Label B Tntegerize
RC*2 (as input), check
Timits and print.
Entered by the
sequence: gioha

x ot

hi

input RC*Z by its
absolute value and
prints. (lower limit
implicitly 0).
Entered with alphanu-
meric in display.

Ervor handiing:

Set error

Print with error
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PROGRAM MEMORY (LIST)

COMMENTS

COMMENTS

|
ISTEP CUDE KEY

|'"|
RSl

DL

L

R

A

n

g

-

=
=

| T AT
R

LTt
pe

A

A

I

RN

s i

I N

8 I R ON

U ) I RN

foon U o Ty e e n o
Jon

A

VT L A
(X

TN B A

AT T T e
4

(R 1 B SN

FRORSININ: I SN U

by

s Ny ke

[

R

g

e e b e ek
B Lt et
[}

Stop on error uniess
flag 0 is set

Trror has occurred

Suppress further
printing

(nonexistent label)

S BRI NI TR W E e

Label £ is called from
program 4, step 869

fnvironment

More packed data,
class 19

Fq. 29, Pgm. -

N IR ISR
I N T

Foom

I

&

Jo T

i bl

Tt

o

I OuN TR I W Pt [0 e CH D g v
[ N A

Fo DT vy

B S I SO RN R

L s e

3 e )
S R L

-

T

More packed data,
‘ class 20

) Data for class 19,
Eg. 27

| Data for c¢lass 20,
| Eq.

| £q. 29, Pom. &

(v-b)"

Compenrsates for 1031

P*> fa. 27, Pagm 4

//Z—digit coefficient

"nvironment
1100,667 or 667

Radius and depth coeffs,

Pgm, 7




PROGRAM MEMORY (LIST)

CODE  KEY COMMENTS STEP CODE KEY COMMENTS

12z o4 4 h Equation § - I
‘ T Dry Rock Coeff. o3 |9 1
=T T I EES i
Eood 4| oD |f .
T a7 7 2 iTC
{ 94 T3 4 f Zi I
| E L e I35 Equation 4
e o o Ory Soil
- =i s 7 ;
S d Tquation 4 coeff, :
FER = |b
a3 | C 1

E
| sTEp
|

= 0T ] e

Equation 5 -
Wet Rock

=

-

LN DU AP | B VO B Y SO WO

Equation 5 Wet Soil

d Equation 4

: a i
z A b
zs o[
z 2 = i
= RS- + ]
I Equation 4 . 1
_ = = i
EE T ;
‘f? T b < n Equation 3 - Wet Soil i
B D
- a
= m
S J Equation 5
I B-y Soil and Wet Sofl L= T




' PROGRAM MEMORY (LIST) j
| 1
' STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS !
‘ ERETCRN S S Equation ¢ 7
? IR S Tt
E P B - Fquation 3
| Iz t z n Ory Rock
= [P
I q 3
- Fquation 3 .ot
" Dry Soil T =
1z " EE S Enuation 2
Ak
ey [ -
Sl . N q
- = S Equation 2 3
T R
25 4 t 1t HOB COEFFICIENTS
Ef% : a f | Wet
T - Soil
T n Equation 3 Z
o ket Rock :
5‘5 o Ff%f
i p

Dry
Sotl

L T

[ R W

M

R L1 LI W SV 3 B e )

$un
=

[ SO ECT U SR NS CSOM RN

! c '
! IoITh AR N I
i 2z [ - ,
] LN S G i R Vet
| - - - : - —
oo ion ns s
i E:’ ol Equation 2 ':i - [ Rock
e t e
o7 T 03
| 0z oz | q I

24




; PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS
- F

H

f—— Dry
Rock

Tes 0T i 000 a1 ~d

S O T N I B S B W R W

R R =) i

S RN R KR PR TR R Y

YIELD
L COEFFICIENTS

H
[

w Ory ,
Rock !

= LT

z

B R Y N M W

NI N

Wet
Rock

§ I R S S

W

DAL R T R S

Dry
Sotl

)

[ OO I S o | I S B}

RS S W T L

Wet
Soil

e T g e OV P —ed 00T o o




Section 2: Programs 2.0 - 2.7

Weapon Radius Determination for P-type and Q-type Targets.
Probability of Damage to Point and Circular Targets With
Normal Target Element Distributions.
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(DNA AP-550 PROMPT Al HTI)

WEAPON RADIUS, P and Q TARGETS; Pd to CIRCULAR TARGETS (NORM)
TARGET
.n = WR,P
CEP (ft) RADIUS (ft) OFFSET (ft)| DAMAGE SIGMAl 2.n - WR,Pd
ijIELD (KT) HOB (ft) VN K-FACTOR D

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-
Nuclear Weapons (U), AP-550-1-2-60-INT, June 1, 1969, Part I,
Section B; Part IV, Section A.

DESCRIPTION:

A. Objective

The main objective of this set of eight programs is to
calculate weapon radii, (WR), utilizing the VNTK system. Four
of the programs provide an option that enables the user to
calculate the probability of damage, (Pd), to point targets
or to circular area targets with normal target element distribu-
tions, using the previously calculated weapon radius. This
option is essentially an internal transfer by the calculator
to program set 03 and therefore the user is referred to the
program 03 documentation for details concerning the probability

of damage calculations.

The calculated weapon radius, as defined in AP-550, 1is:
"a circle centered at ground zero, within which, on the average,
there are as many targets damaged to a lesser degrec than
specified as there are targets damaged to the specified degree
outside the circle." A more precise definition relates weapon
radius to the radius of damage at which there is a 50% proba-
bility (RDSO) of achieving the desired damage; WR=RD50//}l—od2),
where 934 is the damage sigma. The P-type target weapon radius
calculation assumes a damage sigma of 0.2 and the Q-type target
weapon radius calculation assumes a damage sigma of 0.3. The
user is cautioned that when performing the optional probability
of damage calculation, the appropriate damage sigma must be

entered to obtain valid results.
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B. Inputs-Outputs

The eight calculations comprising this program set and

their necessary inputs are as follows:

Program 2.0: WR and Pd - P-type targets,

e a4 e

Inputs: Yield (KT) CEP (ft)
HOB (ft) Target radius (ft)
N Offset (ft) *
k-factor Damage sigma, oq = 0.2 for P-

type targets
Program 2.1: WR and Pd - Q-type targets,

Inputs: Same as program 2.0 with the exception that ¢g=0.3
Program 2.2: WR and Pd at optimum HOB - P-type targets, '

Inputs: Same as program 2.0 with the exception that

no HOB is entered, og = 0.2 ]
Program 2.3: WR and Pd at optimum HOB - Q-type targets,
Inputs: Same as program 2.2 with the exception cg= 0.3
Program 2.4: WR - P-type targets,

Inputs: Yield (KT) VN
HOB (ft) k-factor

Program 2.5: WR - Q-type targets,

Inputs: Same as program 2.4
Program 2.6: WR at optimum HOB - P-type targets, i
Inputs: Same as program 2.4 with the exception of HOB.

Program 2.7: WR at optimum HOB - Q-type targets,

Inputs: Same as program 2.4 with the exception of HOBR.

C. Limits )
Yield: 0.1 KT < Y < 30 MT i
HOB: 0 ft < HOB/Y1/3 < nHoB ..
where:

HOBpayx = 2308 Y1/3 exp(-AJVN/15) for P-targets
HOB .. = the minimum of:
1/3
900Y \
. 1/3 Q-targets ;
2308Y exp (~AJVN/15) d
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where AJVN = adjusted vulnerability number.

VN: 0 _ AJVN _ 54, P-target
0 _ AJVN _ 34, Q-target

k-factor: 0_k_9

CEP: CEP -0 ft.

Target Radius (TR): TR>0 ft.

Offset (x): x -0 ft.

Damage sigma (): 0.1-0-0.5

Data Storage Locations and Printer Alphanumerics

The user can find the following information stored in the indicated

registers (R):

Variables Registers
Yield (KT) R10
HOB (ft) R11
VN R13
k-factor R14
CEP (ft) R15
Target Radius (ft) R16
Offset (ft) R17
Damage Sigma R18
Weapon radius R12

Prob. of Damage only in display

Additional Information

Information pertaining to the target VNTK descriptions and damage

Pressing R/S will initiate the previously keyed-in type of calculation

even if the inputs are changed.

29
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TE N X 30 R < - K

sigmas can be found in the classified version of this document and AP-550.

ke a e e

e 42| ik - a s e s ¢
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EXAMPLE 2.0, 2.1, 2.3

Given the following information, calculate the weapon radius

and corresponding probability of damage to an area target with

a normal target element distribution.

target type = P-type damage sigma = 0.2
VN number = 15 of fset = 500 ft
k-factor = 3 CEP = 200 ft
Yield = 100 KT target radius= 10,000 ft
HOB = 4000 ft
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off, then on 0
2nd
2 Select program 01 Pgm 01 0.
3 Enter yield (KT) 100 A 100.
4 Enter HOB (ft) 4000 B 4000,
5 Enter VN 15 D 15.
6 Enter k-factor 3 £ 3.
7 Enter CEP (ft) 200 2nd A’ 200.
8 Enter target radius (ft) 10000 2nd B' 10000.
9 Enter offset (ft) 500 2nd C' 500.
10 Enter damage sigma .2 2nd D' 0.2
1 Calc. WR and Pd - P-type 2.0 2nd £ 2.
100. Y
15. v
3. K
4000. H
3870. W
200. C
10000. 7
500. X
0.2 S
0.341 0.341 P

| ”

M & A et




EXAMPLE 2.0, 2.1, 2.3 (cont.)

STEP

INSTRUCTIONS

INPUT

KEYS

DISPLAY

PRINT

12

13
14

15

16

Perform same calculation for
Q-type target with same VN and
k-factor.

Enter Q-type target damage sigma

Begin calculation

Repeat calculation described in
Step 12 for the optimum HOB case

Note optimum HOB = 2220 ft.

2.3

2nd D'
2nd [

2nd £

0.3

0.283

0.43

2.1
100.
15.

4000.

3550.

200.

10000.

500.
0.3

0.283

2.3
100.
15,

2220.

4650.

200.

10060.

500.
0.3

0.43

o RNV R IR - I X=X =< <

Mk iine




EXAMPLE 2.4, 2.5:

Given the following information, calculate the weapon radius

for the given HOB.

target type = P-type

VN =6 ,
k-factor =0 ;
yield = 1.0 KT ?
HOB = 400 ft
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT f
1 Turn off, then on 0
2nd
2 Select program 01 Pgm 01 0. d
3 Enter yield (KT 1 A 1. 1
4 Enter HOB (ft) 400 B 400. !
5 Enter VN 6 D 6. A
6 Enter k-factor 0 E 0. ]
7 | Calc. WR - P-type 2.4 {2nd E 2.4 ‘
1. Y 1
6. v
0. K
400. H
2480. 2480. W
8 Perform same calculation for 1
Q-type target with same VN & K,
9 Enter Q-type target damage sigma .3 | 2nd D' 0.3
10 Begin calculation 2.5 |2nd E' 2.5
1. Y
6. v
0. K
400. H ,
2580. 2580, W ’
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EQUATIONS

Definitions

Y = Yield (KT)

HOB = Height of burst (ft)

VN = Vulnerability number

K = K-factor

H = scaled HoB = nos/y'/3

Xxg = scaled optimum HOB

WR = Weapon radius

WR = Scaled weapon radius 1
x' = Scaled HOB at which WR=1 ;
AV = Adjusted VN (AJVN) '

Calculation of AV:

AV =

VN + cfnR (1)
where for P-targets,

c =11

P 3 EE)Y REE) T (-8

and for Q-targets,

CcC = 8.2
1/3
K
R satisfies the equation, R3 - Tﬁ(%?) R + %% -1=20, (3)
which is solved iteratively.
The quantity 201/3 = 2.7144... is apvroximated with
e = 2,718...
For both P and Q targets,
WR = (WR—2 +2LWR_2J) Yl/3 {(presents WR< 2 as WR = 0) {4) !
P-target equations:
- ( 1y -
WR = \1 + a(——) , for I - x (5)
X0 0
( ( ﬁ)p) (/%1 ¥ .
= u\l + al— exp |- In(.(1+a)) —7—~——~) for H - x (5")
Xq (x /xorl 0
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where: 1
o= exp(7.63 - 662) + exp 7.37—?\6—’ (6) )
(26-av)
a = 5 for AV < 26 (7)
1890 + 31(26-AV)
_ (AV-26) .o
——iG_()—,fOI'AV>26 (8) :
P = .6 + expl~(.393AV - 9.5fn(.393AV) + 3.3°%)] (9)
Xq = exp(6 + V2 - AV/15.7) (10) j
x' = 4.5 x 10°/(26 + av)? (11)
y = exp(.1l + AV/37) (12)
Q-target equations: i
- 4 \P )
WR=al+a(——) , H < x (13)
X - 70
0 .
T :
= o\l + a(-——) )exp b(l - ———) , H > x (14)
X X 0 1
0] 0
where: 1
a = [exp(133 -~ 1.82 AV) + exp(128 - 1.4 AV)]16 (15)
1
a(a+l) = [exp(158 - 1.4 AV) + exp(177 - 2.7 AV)]20 (16)
P = [1 + (AV/33)8]'1 (17)
1 1.2
x, = lexp(-.24% av)1? ;960 - 410] exp(-27AV 5 6'5)]€ (18)
Li+exp(.27Aav" " “~6.5)
-1

b = .03AV + 4.6(9 + (AV-24)2) (19)




PARTITION FLAG COMMENTS FLAG COMMENTS
07 test for limit :
AUTOMATIC check error |
09 set - P target :
LIBRARY MODULE not set - Q ’:
CROM A-1 target ;
{Program 2) 3
DATA REGISTERS FOR EXAMPLE 2.0 LABELS l

DATA

COMMENTS STEP CODE KEY COMMENTS
zof Pgnoriginally called|:o: z

1

ML)

j} common code

“4 T

: scratch
. :} choose coeff,

U

scaled WR
scratch

b a0

calculate -
calculate Wyay

calculate xg

LA
A

not used “% T Tladjust VN
- |Q target opt.H ?
= - IP target opt.H
ey Z 2 1q target
i1 HOB, Opt. HOB <
i (Scratch; calculated WR - } P target
1IN 25 2 |main calc.

14k
i = |CEP

i£ Target radius
: 7 (0ffset

iz Damage sigma
}not used
IAJVN
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w
p}
m
©

PROGRAM MEMORY (LIST)

COMMENTS

S

TEP "0ODE

COMMENTS

B

iz T
| '_“fy'_ ;
e z

PO T} e et

1
[ IR O]

e

W I Tt OV

(L) RSO S

Label E.
Common to subroutines
A' and B'

AJVN

Label E'.
Common to subroutines

A' and B'

T
'

~

jul

Label C'.
Select coefficient for
P- or Q-target

Label NOP

.

Label A'.

Calculates n

*P-target calc.

PN S i
.
=
i P
Tl =
[ I
i -
il tOF
T
- -
—_ - r—
T =
; : -
- - L
i N~
i Pt

w DAL ] 4 T e
|

B

DAL B B B
L

(BN I

SYY g

i

\

LU

VYT 0 T

l
+ for Q target (eq. 15)

Label B',
Calculates ;(a+1)=w max

‘P-target calculation

l
i

G max for Q target
(eq. 16)

i
[ -
|

Label D'.

Calculates xO:optimum H
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PROGRAM MEMORY (LIST)

COMMENTS STEP CODE

COMMENTS

{ STEP CODE

fa 1ovedl

[t
Claoa o n

for P target (Eq.10)

i
i -
I -

[

DRI | T P

Check and print VI, ¥;
calculate AJVN->R
HOB Timits

,,
e T e

T B RO SO | TN O

Alphanumeric

Calculate VN
adjustment factor

(L) S T R o
P

Pl

RO4 « 7 - 1

Stores Y~

(IO SO B T S TN O O T I O B J O e (8

It

DN RN

R PO
R TOC I RO A BRI W 4 B S L IR I I

[

21’

Il

IR R SN RPN VSO R | S

VT T T T T T T
I S A RO

173 41 Rro3 o=

1
4
|

[

S IORE) BN O

oo T

(ISR R I I R BN

[ a1l

mm
L R R I

nr

C K ayl/3
RO5 10 eY

~P target calc.

Calculate R for AJVN,
Q target
(Eq. 3)

= ,005 allowed error

Estimate for R- RZ21

Iteration loop

L

-1/3
0 ey

pow)

—')K
(]

Jump to rest of calcu-
lations

Estimate for R

Ko =173
10

i




PROGRAM MEMORY (LIST) T

‘ STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
- TS 7T [ Modified w
=l Improved R _ _n
B EE t register = WR
AR =2 . [Taber D. 23
| 1= R
B S Q target, opt. H 03 Which program was called
© oIt T == |lLabel C. =
:_ _ g;: P target, opt. H : WR
ZIT 7L EIT | Check and print el Continie calculation
- I S T - 2 in Pgm 3
|oZf 2T OIEFE o Return without printing}
o7 o7 a7 Return without calcula- - i WR if call was not to
EEPER ?_;=~ ting WR if Timit error B program 2 (beina used :
EoElE oI occurred, = as subroutine)
T oo 4k g Label B.
Sl o - target
2i4 moH Calculate « (needed LIS D]
| XTSI 1T | for P target W max) eI TE Label PAU (same as A)
Il = o7 Calculate H opt. = Xg Zed 7o Label A.
Jlz ~ S nE SR i P target
B ZEL s iTF [P target]
IS =T Y is in R4, from SET O TE 0%
CoTE 3 } ‘ 03 2 i -
Iz SIZ SBR +/- : F | Check and print
| 222 oD sl SEDo LD [V LK
| 22+ 12 FIT | print optimum H ETLTE
R FTIOi: RIL
R - R HER 1
ZZ: 7 £ | calculate W max ITE DE 0 Z
R 2T ER Check & print H
R R ZTI It PG
O Make W max - 2 e R
I ‘ -0 R
T (Eq. 4) 2o 2T IFF
o |
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STEP CODE

PROGRAM MEMORY (LIST)

COMMENTS

CODE

KEY

COMMENTS

'
1|

[ AU N

(K

L I R
o e 0 e o T

L

D I B PR
§ e

L RN R | I SO IR Wi

LT ] e

o

[ MO N

-

[ N

b e O Ty e T T e e e G G e
REE S

Return if bad limit
check
Label m WR calculation

for P and Q
targets (STF
9 for P tar-
get); RO3
should contain

Y

Calc. «

T

W = a for H=0.

AJVN

DANTEN ) L B
BRSO RN

p for P target (Eq. 9)

T

T

ToaT T

T,

FIAIN I SRR P

tT,

T
SCIR NN

19T

1
for

-

LR B I O O O S A I AU SO PO B SO B T O SO B B S N N A R R
~]

[ 3 IS ]

-

e
ORI VO IR R ) IO

T

[ENIES

Fad b

LEd

Fo
B U SN RS A I B WO RN R 1 I O & B

—

I
LR
1

I Fo b

m

LSS0 I ST o SN O ) B I R

P

|
C SR I RO B BT | IO o

m -

,
— T T e

T

o BT

o da

Voo e

Bt =

p

Calculate Xg = H opt.

xoY”3 = H opt.

H H

P RO5 « — D
P xgr173 H

LAY
<X0Y1/3

%)

Calculate ..(a+l)
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STEP

CODE

KEY

PROGRAM MEMGRY (LIST)

COMMENTS STEP CODE

KEY

COMMENTS

-

(RN S0 B

DR R

S RO Y

S RO I

[ S S ) B S

WSS

o L] g e

-
a b

(o T V)

Fao N

i

Continue if ?;

Calculate b for Q
target (Egq. 19)

PRI B R
[DRORRURIIR RO B OURINAL RLE N VAR IS

DR

P P o T e e e

YR

DN RO SOCHRS SR § U SOV SO B 0 N BN R

B PR TS GO U TN AN NN GO A RIT SR T ST SR KON I SN S
T X g

—_— - '| :
HO e T
_______________________ ';: g
Calculate x' for P @é ;f
target (Eq. 11) RS
£ DI
S T
() -

I SR IR R DR %
T T
[

[0
LD
DR R N

o

e

A

o BN R SN S s
\ -

oy M

oy |
-

DN N

»Calculate . for P

Calculate v (Er. 12)

AJVN

target (Eq. 6)
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! PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

'
:

A4 T
; il
.
|

4_,‘ *
P
5 g

- i3

=

a (Eqs. 7, 8)

an )
ST

|
| L B |
f ? - X
; :_: - :‘E: wma X
Sz i; Calculate Xg for Q
. Lo (Eq. 18) |
o= = a

Calculate W max for
H P target

Lt

SOV A SR I

|
-]

EORCRL OO & R

R
[ROUR) A S N O L S Y % S WO O Y R Rl

NN LN LA LA LN N e N e CnCn Cn e cn en Cnacn LN e an

- d A Y
SR 2L [AJVN
I v i
SCE Iz 3 :
SiG I3 3 : !
c4 - =T - -
SE i i i
S L TO g -
i = o7 e - !
S S S N I loser Eno
15 I3 - SR
Sie il SE: 94
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PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS COMMENTS

R4 XX AJVN-VN = C(¥nR) ~ RO5
% 3
G R VN
% ;; iZti:'f AJVN
é __— » Initialize for printing
é - X0 routines in Pgm 9
= Rt Check & print
5 N Y, WN, K;
7T e Calculate AJVN, max HOB k(7nR)

Lower limit on VN =

Go to Page 3 to max {0,-C(#nR)}

print WR, calc. Py

[ NI W Y WU P N I

Upper limit for Q targey
= 34 - C(#nR)

VN adjustment factor,R,
for P target (Eq. 2) Upper limit for P target]

= 56 - C(9nR)

pid K
s 10 ~ 1 Given alphanumeric
5 = 3 o (step 115)
< w4 § iz
g 5: R - as C(snR)
9T IS Continuation of SBR +/-| £45 T Fir |Check and print N
R “nR £47 2D FIL
1 | L A Fod I L |Given alphanumeric
' L R
| | fr =3 C for Q target T 1
3 ; £C: X2 ES. e £
' eS0TI T S =% = Alpha for ¥
ol _i i C for P target £S5 T
0T DL ES4 I3
AR LSS e 4
ez =%+ T
eld Sz &7 Ix PGM | Check & print K

-

4
iD
—

[ng
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PROGRAM MEMGORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
Calculate H max, the
upper limit on HOB
AJVN
Q target calc.
P target calc.
23R |v3
S H max set up to
S use in
poRIe Y printing
RO s H min = 0/ routines
[l g
I
1
43
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Section 3: Programs 3.0 - 3.2

Probability of Damage to Point and Circular Targets
With Normal or Uniform Target Element Distributions.




. )
DNA AP-550 PROMPT Al HTI
Pd to POINT and CIRCULAR TARGLTS, NORMAL and UNIFORM [IST. 1
Target Damage . o
CEP (ft) Radius (ft) Offset (ft) S g 3.n - Pd

W
N Radius (F1) )

SOURCES OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-
Nuclear Weapons (U), AP-550-1-2-60-1INT, Junc 1, 1969, Part 1V,

Section A.

DESCRIPTION:

~
]
.

Objeciive

The objective of this set of 3 programs is to calculate the
probability of damage (Pd) to point and circular arcda targets.
Normal and uniform target element distributions are considered.
For area tarqgets, the probability of damage 1s cagulvalent to
the expected proportion of the target to be damured.  The

ad justed CEP methodology is utilized to compute the Pd to
circular targets. Auxiliary magnetic card proarams for
computing Pd to areca targets of gcometries other than circular

by the weighted average point method are given in Appendix D.

B. Inputs-Outputs

The three calculations comprising this program scot and theilr
necessary inputs are as follows:
Program 3.0: Pd to point targets,

Inputs: Weapon radius (ft)
CEP (tt)
Offset (ft)

Damage sigma
Program 3.1: Pd to circular normal tarqgets,
Inputs: same as 3.0 with the addition of target radius ({t)

Program 3.2: Pd to circular uniform tarqgets.

Inputs:  same as 3.0




C. Limits

Weapon radius (WR): WR > 0 ft

CEP: CEpP > 0 ft
Target radius (TR): TR > 0 ft
Offset (x): x > 0 ft
Damage sigma (a): 0.1 £ 0 < 0.5
D. Data Storage Locations, Printes Alphanumerics

The user can find the following information stored in the

indicated registers (R):

Variables Registers Alphanumerics
wWeapon radius (ft) R12 W

CEP (ft) R15 C
Target radius (ft) R16

Offset (ft) R17

Damage sigma R18

Prob. of Damage only in display P

E. Additional Information

Prossing R/S will initiate the previously keyed-in type
of calculation even if the inputs are changed. Several CROM
programs require an input of target radius (TR). If one of
these programs is run prior to cthe point tarart calculation
and the calculator is not turned off, then on, the valuc of
the target radius previously entered will be printed when the
point target calculation is initiated. At all times, lowever,

a  tarvget radius of zero will be usced internally for the polint

target calcecunlation.
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EXAMPLE 3.0, 3.1, 3.2

Given the following information,

of damage to a point target,

calculate the probability

circular target of normal distri-

bution and radius of 500 ft and a circular taruet of uniform

distribution and radius of 1000 ft.
Weapon radius = 8500 ft
Damage sigma = 0.2
Offset distance = 6000 ft
CEP = 1000 ft
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off, then on 0
Znd
2 Select program 01 Pgn 01 | 0.
3 Enter weapon radius (ft) 8500 C 8500.
4 Enter CEP (ft) 1000 2nd A' 1000.
5 Enter offset (ft) 6000 ond C' 6000. i
6 Enter damage sigma .2 2nd D' 0.2
7 Calc. Pd - point target 3.0 2nd E' 08- ]
85 . W :
1000. C
0. 1
6000. X
0.2 S
0 | o j
8 Enter Target 2 radius (ft) 500 ?nd B' 500.
Calc. Pd - circular target 3.1 2nd ' 3.1 ,
normal distribution 2500. M
1000, C
560. T
6000. X
0.2 S
0.899 0.899 P
L
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STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
10 Enter Target 3 radius (ft) 1000 2nd B' 1000.
11 Calc. Pd - circular target . 3.2 2nd £ 3.2
uniform distribution 8500. W
1000. C
1000. T
6000. X
0.2 S
0.889 0.889 P
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EQUATIONS

Definitions

P = probability of damage
WR = weapon radius
CEP = circular error probable
TR = target radius
X = offset
= damage sigma

CEP. = adiustad” CEP

WR/CEPi
= X
/CEPa
¢ = offset at which P
c!' = offset at which P

X, =Z> W
]

.98

Calculation of adjusted CEP:

CEPa =\/CEP2 + K x TR2 (1)

where

f

K
K

0, for point targets

1l

.231, for normally distributed area targets
For uniform target distributions,

K = .4, if WR+CEP+X > TR

li

.5 otherwise.

Calculation of probability:

P = (1 + exp(R)) , where R = R(x, W, °): {(2)

Il (1--2) KR/X]

For W ~ 30, R = -.072° - 1.62, where 2 = b e (3)
v-In(1--<) ]

For W - 30,

R = R' , ifox 2 (4)
= R'+cos(45x)(R0+_>§)-R'), if x - 2 (5)
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R = a(w, )2l g, 0y B0
R, = (3.69=2)W - (1.3+1.17) dn[W(.24+7)]
(.71 (%))
_[1339%exp(-42¢) =20 + 3,7} " eXp _3_)
a(w, ) = exp W - (y + ﬂy‘

1+ = 7000:° Cexp (-210) (W-5.5)

T(x,W, ) = qtan(90) , if bix=.) > 90

L =

All

= gtan(-90) , if b(x-:) < -90
= g tan (L {x-¢)), otherwise

T' = tan(b(e'-c))

L = qin[max‘g——f—'ﬁ ,0: + 10_5]

7o
L' = ﬁn[max-;f—_—:%—i, 0:. + 10‘5}
In {55 - 1) > -3.89
Wol.2- (4]
6L(W 4 =3.2) (2234 1970.72:23,

En:.6‘+[l~l§exp(10‘ - 1.1W)

-1
1 W ) . .
+moxp(—;—_aoxp(2.69‘)~2.7 n* + 9.47 )J ‘

206exp (2.1 - W/16)

trigonomeuric arguments are in deqgrees.

(6)

(8)

(11L)

(12)

(13)




PARTITION FLAG COMMENTS FLAG COMMENTS
0?2 Suppresses
printing of
AUTOMATIC probability
LIBRARY MODULE 07 Test for limit
CROM A-1 check error
Program 3)
DATA REGISTERS FOR EXAMPLE 3.0 LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS
= -~ | Code for calledprogram|TCl 1< £} =X
E- SUOWR, W, 2= “-< - _ T | tangent func.
ZZ |indirect recall (Pgm9) 5 S .0g function
Sz CEP < z E R-p
A D. X - - —
1> ) S used by LEL D
alphanumeric for Dw‘ 2T =2 Bl calel P
(calc. 3.3) e > I | cale. 3.2
Z S = 2 ]cale. 3.1
- not used —i= - = | calc. 3.0
i : ‘ 5 Tl calc. 3.3
X R = = | cale. coeffs.
- 1> | HOB (from Pgm 2)
STl _T WR
: '; ‘( not used
i 1T | cep i
- == | Target radius J
Eh 17| Offset ]
. == | Damage sigma ‘
o -7 I'not used
e == | x, R
. =2 b
- |a
. S i
- 0
: ‘ 2T
: - U
== Py (for calc. 3.3)
’
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COMMENTS

PROGRAM MEMORY (LIST)

KEY

COMMENTS

STE

[

Ty T

VT T T
Coraaasc v b fee e fon b

[

[EE]

S I B T S A B DO B I I

| S S A T A RN A

Pt b

' FREN]

PV e [

g T

e
(R I RO U I O 1 R

- c
T
el
S

l

[

m

TR

a

[

R

S B R

o M
- T2

w1

a0

ST

HoTes

g T

[

[

Label A'.

Label B'.
x = display {x or «')

1f b(x--) >~ 90, set=90

If b(x-c) - -90, set=-90

tan[b{x-+)]

Labe] c'.

-

5

[
TR
P~
ST
B
e T
o -
FTT

a1l

RN
o LUt

= P

NI

DR RN A

KRRIES

A A RN

B SN
[P IO 0 e L TR R TSRO | B S | I A

o U |

Lo o
Jocke Doven e b 1T e O F g 0 e

STEP CODE

LY I W I SR O O IR R

RO MO R IS ) B

)

Holere v v v
I

R U

DRI R

L

N

-
5

TT e
[ S I TR

nen

(if -0 set to 1077)

(quard diqit)

Iabel E'.

o X4

Label D'.

TPy

{for option 2.3)
I

Alphanumerics for D;




STEP

CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

CODE

KEY

COMMENTS

Lt

Pt o b e

i

Ve

|

I I PR I A U B BRI ARSI PRR PR
R BRI I I |

[
PO T SO I A AR PO U S PRI U T T 0 B I A SO O [

[N

i

i

T

b b
PO AU AU A T VO O S PR T T I S O

v

L
IR

i

i

Im

m -

oo

ST

D,/CEP, = D,
Label ADV

Offset=x (x or D)
Tangent part of R

Logarithmic part of R

—

TT AN e n L n

;o
Lo

STEP

e I AR

Pt ot e

i

Lo g

i
|
[ I S T B O I & BT N T A I | B A T A I A |

T

1
RN IRT R AE P RN TIN [ R

S ba U0
Pt

[

Foa ot v Fod s

bt

b o

CE e ]

RN

T
A

| T S O P RS |

m

DRI

'
I

et [T

[ S ]

T

T

= I I I

x/.9

...cos(45x)

Calculate P from R

(return without print-
ing if flag 2 set)

~|p||

Print Prokability

Lahel (.

Pd for Circular !inifarm
Targets
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{STEP

cop KEY

PROGRAM MEMORY (LIST)

COMMENTS

STEP CODE

KEY

COMMENTS

L

Fo Fot Do Ten T T Tt T Tt Tt Fot Pt Tt Tt o Pt Tt Tt T ot Fad Ton fed T fud Fo |

sev et et v ar T e o Ton v Fun Fov v oo

n .

PaTo

RN

|
|
!
I
!
1

- = :
] +
S B
) fax]
N Patiaalias
iy =
= 7 F
2 I TE
Ce e -
-z | I
- T
_ F -
|-
. -

AN

.
TV e e v

-

- P

[f WR+CEP+x > TR,
then K = .4

(K in display)

Tabel A

Label B.

Pd for Circular Normal
Targets

K for normally

distributed area
targets

— —

Pd for Point Targets
K for point targets
Labels A,0,C start here
Label D starts here

TR

CEP

)

CEPa =\ CEP™ + X TR

Hw!l

e

=
—;:5::
e
s
e
Tl
.
e
it
e
S -
el
-x
T e
_r_
e
.
e

=

=

=

oo
Bl

-
=Ty

<

<

- .
-

WR > 0

WR (round to 3 signif-
icant digits)

(set up for x)

Return after
printing WR if
Frac(RO0O) > .4

|

I Set up automatic
increment for
‘ printing parameters,

i
!
!
i
|
|
I
|
‘
i

Print CEP

I
Print

taraet raiius




’ PROGRAM MEMORY (LIST)
STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
= N . =3 [OF
Print sigma : f
a S
WR/CEPa ;g i
-+ 30)
= Otherwise, CLEAR and T3 Label E.
= start fit 1T Calculate ., +', a, b,
B EEE I R
Lz X/CEP 5 =2z -
=1 35 1 31 | W = WR/CEP,
B 222 %% = |cCalculate b (Ea. 18)
ki Label B, ':-f'i ER
ZIT Calculates probability es is 4
=z of damage to rectangu-| =5< I X
o lar targets TET .
| : EEEREE
[ o R -
: T IR
: EE R R |
Tl iz =T e
iz L2 4z N Calculate a (Fo. &)
faa T2oa SEEE
R S e Do
ECE O EE R ‘
DL I
I L TS Sn RIL
i r, r,
2




r

K

Y

COMMENTS

PROGRAM MEMORY (LIST)

STEP

KEY

COMMENTS

1
] -
]

-
Tz T
)
i
- —

—
<7
S e
AR

S
;-

-

<1z
Sl
ST
ST
o

\_',_*4

LI
o
=+
S

|
| STEP CODE

Vi
Coioa

}

i

IR
R R R R R

4

~
ol

m

R

fo e

ol

133%e

Calculate | (fq. 9)

L"V

->

CODE

il
P
AP ]
+37 o -
G <=
S =
[
48
- "~
c .= -
R -
247
S -
SaE T
e - -
=
- O
2
- C
- =
=
e -
aJF -
- C 0
=
- C
=
e -
-
SE
=
—r
-
h;P-
Gr o =
S -
Se
- .
. «
L e L
ded G

56

i

™

T

T

$oT

o

a

Calculate " (tq.

NEEE

17)
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PROGRAM MEMORY (LIST)

LSTEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

470 13 if SZ 2 |calculate + ' (Eq. 17)
471 %5 = o,

-3 iz oz | o E

375 23 RIL = B

473 : 2 | Calculate -c¢ (Fq. 15) =3 RTo

= : o S OW

- o - ;
= o !
'z |
. SR |
= oo = =, \ }
I B D g T ;
SRR = SR |
5 43 Tn S I \
| 43 2z FIL =4 GE j
R R E RN |
LA = L c = ! i
—- - i + =t -
Iy X == W _-2.69 i
! ke 2 3 & A 2998)([)[ - e 69 - \(
| DT = [ = or = : g_
s { e, it + . .
Lo : -, c == 2]-&'*941} |
- - - F L i N ‘
[ =R - <z =4 5 I H
T - LD % PRI R
becy 730 - SaT =l
| =i ER a4 i ‘ 1
. CI_.' . = E - = |
! IR I o N SIS — ‘
! LoTos D - E O |
ooE Lz = N i : il |
R A AT
= = = ' LR = - \
T A A R
| =n s ces T
[ T 5% 1o R exp (10 --1.1WR]
c . - - - se- o : ’
e:-. -z _ ces -
S I cc - -
‘\ Sl > FIL U = =
I S S - i
i+ AT = el 2T =
515 2 =70 b ~FCOC S
CoSte It 2t (=) LR




PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

w3 "— . .- E_'ﬁ P = [exp(-.0723—1.6z)

LS - < Tl L -1

. i T 1o +11 © (Eq. 3)

= _ PO R =72 | Flag 7 set for W > 30

[l = e ek N il

- iz = e

IR F1T 2 FIL o

- SIETDO i 2. | When Frac(ROO) - .4,

CL oI Iz S R put HOB into t regis-
| S tan{b(: ' -+ )] c LR ter, and WR in display
L fT4 LT oITo £ R and return (to Pgm 2).
( £7=  _ 2 zs | Coefficient fortangent| £-- -z g-.
roE T > function, T'

B 'i :T; ~W[I116X‘=0,2‘+—2'f7}+ lOvS}

Coe;'r'ficientr for loga-
| _rithm function, L'

- . : Case for C'g? ~ 30
a

H

LR SR O R O R IO A IR A O SOV T A OO T IO O R R O B L B
I T A A I R v i
|

c
[ - - .
. - I4
c -1
t';‘_ _; - g
- Y
R A
| l’-_‘_ = R 7
[ ~ ¢ T, T "f
= - TR Von{- )
c oL
- Mote:  nx - n(-x)
[ = .. . - i
Lo Co- and vy o ov-x to
b - the calenlator )
’_-' .
. z
[ = ’
PR -

T T
jitoon

R R A R I R S
'

T
g
4

T
B
L
)
[
J
|
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Section 4: Programs 4.0 and 4.1

Personnel Vulnerability, Weapon Radius
Determination.
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(DNA AP-550 PROMPT Al HTI)

PERSONNEL VULNERABILITY

4.n »WR

] Environment
\_ Yield (KT) HOB (ft) Select 4)

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-

Nuclear Weapons {(U), AP-550-1-2-v0-1NT, June 1, 196G, Part 11T,
Section A.

DESCRIPTION:

A. Objective

The objective of this set of two programs is to cevaluatce
weapon radii for fatalities or incapacitating casualties to
unwarned personnel in various environments. Program 4.0 calcu-
lates weapon radii and prescents damage sigmas for any HOB .nd
program 4.1 calculates weapon radii and damage sigmas gener-
ated by detonation at the ncar-optimum HOB. Ailrblast and
nuclear radiation cffects weapon radii are combinea in the
manner described on page 1I1I1-2 of AP-550 to form a combincd
weapon radius. Thermal radiation effects are considered

only for exposed pcersonnel taking no evasive action.
B. Inputs-Outputs
The two calculations comprising this program sct and

their necessary inputs are as follows:

Program 4.0: Weapon radius and damage sigma - any HOB
Inputs: Yield (KT)
HOB (ft)

Environment (sce subsection b below)
Program 4.1: Weapon radius and damage sigma - near-optimum HOB

Inputs: Yield (KT)

Environment (sce subscction E below)
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C. Limits

Yield: 0.1 KT < Y < 30 MT

/3 suos - 1000 fre/krl/3

HORB: U ft/KT
where
SHOB = scaled HOB

Environment: Env. = 1,2,3,...20

D. Data Storage lLocations, Printer Alphanumerics

The uscer can find the following information stored in the

indicated registers (R) s

Variables Registers Alphanumerics
Yield R10 Y
HOB (pam. 4.0) R11 H )
Environment not retained E
Weapon radius only in display W
Optimum HOB (pagm. 4.1) R11 H 1
Damage Sigma R18 S '

E£. Personnel kEnvironments

The following personnel and environment indices are to
be used in conjunction with the personnel vulnerability programs.
The index number associated with each environment description
is to be entered with key C when executing these programs.

Environment Index )

Personnel in wood frame, wall bearing and adobe
buildings, and forests
Fatalitics )
Incapacitating casualtios

[ X}

Personnel in multistory residential, commercial or

industrial buildings. Stcel or reinforced concrete .
f ramed

Fatalitics 3

Thcapacitating casualtioes 4

Personnel 1in basements

(e

Fatalities
Incapacitating casualties 6

. |

= - . U A, S . AR
N




Personnel in toxholes

Fatalities
Incapacitating casualties

Personnel 1in tanks
Fatalities
Incapacitating casualties

Personnel 1n deliberate underground shelters (2 ft.
carth cover).
Fatalities
Incapacitating casualties

Personnel in expedient underground shelters (2 ft.
carth cover) .,
Fatalities
Incapacitating casualties

Personnel 1n underaround command posts
Fatalities and
Incapacitating casualties

Personnel in open rural and open urban areas
Fatalities
Incapacitating casualties
Personnel 1n urban arecas
Any injury
Exposad personnel taxing no evasive action
Thermal fatalities
Thermal incapacitating
casualtics

F. Special Peatures

The environment index number is not stored durina program

thercfore, 1t must be re-entered cach time programs 4.0 or 4.1
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EXAMPLE 4.0, 4.1

Given the following information,

radii and damage sigmas for a contact

optimum height of burst.

Yield = 100 KT

calculate the weapon

burst and a near-

Environment: Index number = 1.
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
—
1 Turn off - then on 0
2nd
2 Select program 0] Pgm 01 0.
3 Enter yield (KT) 100 A 100.
4 Enter HOB (ft) 0 B 0.
5 Enter environment index C 1.
6 Calculate weapon radius and 4.0 2nd E' A
damage sigma 101 v
3.
0.31% S
7070. 7070. W
7 [Calculate weapon radius and dainage
sigma for near-optimum HOB
3 Re-enter environment index 1 C
9 Initiate calculation 4.1 2nd £ 4.1
100. y
Note: The near-ootimum HO3 15 1. £
printed with the inputs in 3713.+ M
an unrounded format.
0.39? S
98330. 4530, W
*prints as 3713.271067




a8

EQUATIONS

Definitions

Y = yield (KT)
HOB = height of burst, feet
H = scaled HOB = HoB/Y'/ 3
E = environment category
WR = weapon radius
= damage sigma (calculated by the CROM)
D(x) - approximation to the complement of the cumulative

normal distribution

v, M, K, x are parameters for the first 18 environment

0’ B’ R’
categoriecs that are stored in look-up tables in the CROM.

F \Y 100yl 10K .leo 1O*B lO‘R
1 12 20 62 8 4 2
2 5 28 43 10 5 2
3 14 26 62 7 3 3
4 5 33 43 10 4 3
5 16 28 62 7 4 5
6 7 36 3 9 4 5
7 21 14 0 0 2 3
8 16 23 0 5 3 3
9 21 21 0 0 3 3
10 17 29 0 0 3 3
1] 27 0 20 0 5 5
12 21 0 0 0 4 5
13 16 12 0 5 4 3
14 10 12 0 8 i 5
15 3 0 20 0 3

16 10 25 54 9 5 2
17 7 33 62 9 g 2
18 4 i1 50 9 g

Table 401, Parametoers for the f1 st TH onvironment ocatesor oo,

i
i
1
i




For the first 18 categories, WR is calculated by combining a blast

weapon radius with a radiation weapon radius:

1
' WR WR =
> 1. (YRR 2 (1 B 5
WR Q(ﬁ ‘n 7*‘*) - ) + WR Q(f L n<——-~> - ):,
[ B \7 T T\WR R <\ WR

=
=
i

~
il
=
[os]
<
AN
| =
3
TN
2‘2
x| o
@ |
—
1
TWWFu
S—_——
_+.
I
=
@]
TN
| =
jo]
TN
==
zs] eo)
xo|w
N———
|
|
\/

J
l
—
}_J
1
.
% |
N
[
N =

where:
5 -1
O(x) =1 - [l + exp(-x(1.6 + .07x ))] '
2 2 2 _ 2 2.2 2
‘R__I‘l(l"R)l»B‘ 'n(l B)l» _'B+‘R,
~1 2
rp = WRRer( 5 R)’
o ) 1,2
Srpto= rSO(blast)exy(§5B>,
WRp = - rp eXP(%B%) and
rSO'blast) is obtained from calculatin: « WE from the
P-target code (which assumes ‘s = L2), ond ornverting it oto
rSO(blast) by
rro(blast) = (l—‘g)WR(blast) = L96WR(hlast).
9]

The radiation component of the wecapon radius is calculated as

follows:

L ¥

| .01
Oxp)—.Olcxp -

v
The four parameters, WR

= WRO

of yield and HOB:

o = 180 + 100777

: . .
0 WH' . v are caiculated as functions

(6)




12
L + o ~ —_— - 6
Yo Yo 1 Ckp[ i
m = log<92£»+ Jl.6)
Yo

aexp[l.B(y—yc)I

W, = e exp(—2/Y4)

0 1+exp[l.3(y—yc)]

wheroe:

y = log Y,

e 3
a = i( - .6 [:--.6})+ L1+ w-,
4 , Yo
Yo = L+ a/.38,
oy (m="W_ ) ,m
WRO =Yg 10 0"Y
4 - : ”~
W 255 - .18H + 16lg '“2*21 g+(1)6lq , for fl - 700
(ptip,) ’ !
Wy = —2 T for i > 700
(p+ pf) o9
where:
_ 4 : (—.91})
g = 3 cos (-9t }exp 331 | and
P = 8.5 - ‘nil - %JOqY.
{(Trigonometric argument is in degrees.)
({1 )‘2
W.‘ = 1+ '6'*2"0 1.(){]\ - 7, 1f "R = D
= 0, otherwisc
SRRe
Wy n|l + px['IB logy 30 +( 09 ’ .8 + 10
For environment catcdories 19 and 20,
I -1
WR = [a + ,(Y—hXJl whoere a, «, b, p arc:
66
el ’ o
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{12)

(15)

(16)

(18)

(19)

(20)

{25
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'-----IllIlllllIlllIlIIllIll-IlllllIlllllIIlIIlIIIlIlIllllIl=25511

Coefficient Class 19 Class 20
8> 107° 8+ .3ex (—”—) 4+ . Tex (‘—’) (26)
a . - 2eXP 1337 . - 1€XPig3p
3 .1H -H .1H
107 EET*"46*"27eXp(130) 1T00.667 T -37+
—H N
.20exp(m) (4_7)
i ) ( i
4b .006exp(§—€ .005exp §”6) (28)
D -.445 (Tégg)(-.445) (29)
4
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PARTITION FLAG COMMENTS FLAG COMMENTS
02 Supress print-
ing temporar-
AUTOMATIC ily (copies
flag 1)
LIBRARY MODULE
09 Distinguish
CROM A-1 ca]c.g4.1
(Program 4) from 4.0
DATA REGISTERS FOR EXAMPLE 4.0 LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS
L N L da;a unpacking
A - Qs TOEY e
e = digits incoefficients| == =0 I ogY+l
R i-ff‘ - :_ y-1.3 ;: = T8 |x-0(x)
e : :* 2 £ ishift from r to
Tes Lo 2 f}:? ;;T: used by Pgm 2 i f § Print HOB J
- s Lo = < |calc. Y1/3
Z - =i = £ ofcale. 4.1
oo 20D L1 A icale. 4.0
L 1 1 Yield
g i HOB
o e Environment
L2 T packed coefficients
=. = - K
3 ;7 VO
N :f Z - AJVN
- é% H, scratch
- .9H, scratch
< Wi, scratch
oL -, scratch
o -p¢, scratch
T —;BZ, scratch
- R scratch
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PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

"
1
¢

T2 LRt [Label A'. [

T i =

=3 : Data unpacking: o

SEERNT

= go. | Shift decimal by X %= =

~ =~z |%0g(RO2) places Lz 0O{x)

ms - T Label E'.

= Store remainder 33 gfggrgzmcnombmmg

= “0g(R02) digits -

B _ g ' 419 _ - .96r50. (rB)

o2 Retrieve 1n .xxx form R

= Label B'. - TIoRlo 0

- e A

=3 L

Iz e - -X e

- - . | & e

S = .
L; FTH ) —; Ev_ Labe] E_ 1
TZo Lzl jLabel C'. -t Check and print HOR J
= i i !
S S |
S= f - )
Sioes : |
:_"‘._ : | : E E ||H|I \‘
"2 -Z- |Label D'. oTo : H |

T TTEOSIEE |

B R Calculate Q(x) ss o E E \

b =L (approximation to f = (

B L. complement of the - EE
: T cumulative normal oo H 1/

i .‘:: : _ —; . dist.) i —: F ;-’: f(?H? Ly 13 fran Paem P
Cons o K - > cal ) :
(R T ) Print HOB !
GalorTo- LT o :

DS e ~ —Zo | label D. |
: H ;: = : LA :
ol = = I Calculate Y/ |
':‘H; .= E [ - _'4;‘ ]
Fige S + 5
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STEP CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

STEP

CODE

KEY

COMMENTS |

R

—
—
- -
—
—

Pt T

A

- -
R
P
=g
[}

1 .
RRURY RN

B
- -

T,

T

L I ]

-
—

o

il

Y1/3;4 HOR

Label B,

Oot. HOB

Label A,
given HOB

Flag 9 up >normal
(i°8.72'5)
Flag 9 down > use opt.

HOB
Initialize flag used to

suppress printing
temporarily

Print Y

Skip register pointer
to R12 = environment

HEI)

Upper Tlimit

Print environment
category

Mumber of diecits for
data unnacking

Program step location
for packed coefficients

— e

i
!
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T

Retrieve packed
coefficients

If E 18,

print results
(calculation 15 already
complete)

R

W=1 1n case HOB -0

.5 see [£q.5

|
i

then skip
contribart inn Y

(1f E=15,
radiation

(Opt . HOB 1D




PROGRAM MEMORY (LIST)

COMMENTS

STEP

COMMENTS

VT g

AR
N I S

m

Lt [T e

Ot

I
-
t

V1

do LI ke et T e

oo

TEETOR N I I B S FLI SRR Y o

[N
[ TR

[l
[l
iy
=
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—
-

It

Pogr ver b Ui e b
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..,
W

Ve
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e
[

(KRN

[
v
V

[
et
Vi
\
RES AR
o

N

Foe Tot T T Tor Tos Ton o T

V
o

[ SN
Vs

ol
I

Tt
el i
Lo

borito

foaf
N
. n

Eal sl

)
M.

Case for HOB

Store HOB optimumin R11

Calculate AJVN: Print

HOBR
HOB 4+ yO

Y—1/3 (

Lf HOB=0, skip W, W,

W . "W
Y

q:

0P

from Pgm 2)

see bEq.

T=1OOO

[

£
-
F
£s
-
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£

Tov e T e D e P T T T B P T T Ty B T T T T |

—
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[
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Eq. 21 (cont.)

q+2.3 vt 0.9H

If H - 700 skip factor

at 161q in W
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[ PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS |
-: = : [q. 22 (cont.) “ = ;
—E_::- _-P' " ;;— = - i
o LY
- tq. 19 E ! i
S faszeel EEEREE o
T C R < B Lg. 17 (cont.] |
S EEE |
SIOELT W, e R |
ST Ll H R Sin == L ‘,
_z o In B D |
e Tacr DIy !
S DI |If oo, # L5, skip W T Tz ‘
T 1T R sz T OE
- FIL |H 4% 23 BT
s oo e oz - y
BERE Tem capez | 0
E ZEC Iz y(') in P17, vﬂin dioplay
: PRt ' \ 1 1
: LR E : E |
N W : see £q. 23 IS Tk |
- ‘ B
S ELR |
N - = = R = !
' S |
Too S S - B l 3
L. - e T
I N L E
LT ; Te - i
i N - i , ) s |
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STEP

CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

STEP

CODE

KEY

COMMENTS
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e
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e

c e
I
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Eq. 24 (cont.)

WRR: see Eq. 10

SW

a:

HRe

WRO o L
Start of sur‘ace
burst case

see Eq. 16
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N
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A+ 4Tl )

Eq. 16 (cont.)

Yo see tEq. 17

rogY

exp[1.3(y-yc)]

see
tq.
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PROGRAM MEMORY (LIST)

COMMENTS

STEP CODE

KEY

COMMENTS
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TR
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Awo-QogyO in R12

m: see Eq. 13

WR,:

0 see Eq. 18

m+msogy - Aw0+1ogyd

AW
WRR: see Eg. 10

NRR

WR (blast): see Eq.9
(stored in R12)

(blast)
(£q.
(Eg.8); - r

Y
. .»r S

B

- WR

B in R12

B

WRB

WRp

o
1t S
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PROGRAM MEMORY (LIST)

COMMENTS STEP CODE KEY COMMENTS

PSS BT R T O L T O # AL I I
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£ |Print WR
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Case for E=1%

et T T

WR g - EF
S
[ T Z5 .
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[ | e - _ oo
Fo2 1 : HOB
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E s SR
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Section 5a: Programs 5.0 and 5.1

Radius of Safety and Minimum Safe
Distance Calculations.

Lo




(DNA AP-550 PROMPT Al HTI

MINIMUM SAFE DISTANCE
Troop Vulnerability] Acceptable Desired
Disposition State Risk Assurance 5.n - RS, MSD
. Offset, Rad.
\_Vield (KT) | HOB (ft) CEP (ft) of Safety PEH (ft) | )

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-

Nuclear Weapons (U), AP-550-1-2-60-INT, Junc 1, 1969, part 111,
Section C.

DESCRIPTION:

A. Objective

The objective of this set of two programs is to calculate
the radius of safety (RS) and the associated minimum safe
distance. The radius of safety is treated as a function of
desired height of burst, yield, troop vulnerability condition,
the acceptable risk category (see subsection B}, and vertical
delivery error, i.e., the probable error in height of burst (PEH).
Considering the PEH 1in the radius of safety calculation
requires that the user also define the confidence level
he desires. For example, if the user desires a 99% assurance
level value for the HOB used in the radius of safety calculation,
3.5 x PEH will be subtracted from the entered HOB. After the
radius of safety calculation the program proceeds to calculate
the minimum safe distance (MSD). The MSD i1s the sum of the RS
and a buffer distance. The value of the buffer distance 1s a
function of both a multiple of the circular error probable (CEP)
and the troop disposition (see subsection E). The multiple of the
CrpP used is a function of the desired assurance that the

accentable weapons effects will not be exceeded.

An inversion of the above buffer distance calculation is
also provided which allows the user to determine the probabilaty
that a population located some distance greater than the radius
of safety from the desired ground zero will cxperionbo no

greater than the acceptable weapons coffects.
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B. Inputs-Outputs

The two calculations comprising this program sct and their

necessary inputs are as follows:

Program 5.0: Radius of safety and minimum safe distance.

Inputs: Yield (KT)

HOB (ft)
CEP (ft)
PEH (ft)

Troop disposition (see subsection E)
Vulnerability condition (sece subsection L)
Acceptable risk (sec subsection E)

Desired Assurance Level

Program 5.1: Probability of not exceeding the acceptable
weapons effects.
Inputs: CEP (ft) ‘
Of fset (ft)
Radius of safety (ft)

Troop disposition (see subsection E)

C. Limits

Yield: 0.01 KT < Y < 30 MT

HOB : HOB » 0 ft

CEP: CEP - 0 ft

P : PEH » 0 t

Troop disposition: 1, 2, 3, or 4

Vulnerability condition: 1, 2, or 3 Scee subsection E

Acceptable risk: 1, 2, or 3 ,
Desired assurance: 0.6 - P < 0.99

D.  bata Storaqge lLocations, Printer Alphanumerics

The user can find the following Iinformation stored in the

Inddicated rogistors (1)




Variables Registers  Alphanumerics
Yield (KT) R10 Y
HOB (ft) R11 H
oL R12

Offset (ft) R19 X
Radius of Safety (ft) R13 RS
PEH () R14 PH
Troop disposition R15 D
Valnerability R16

Acceptable risk R17

Desired assurance R18 p
Minimum safe distance only in display M

Probability of not
exceeding acceptable only in display r
weapons effects

E. Troop Disposition, Vulnerability Condition, and Degree
of Risk Categories and Assoclated Index Numbers

1. Troop dispositions: Indices
Linear 1
Quarter-circular 2
Semicircular 3
Circular 4

2. Vulnerability conditions:

Unwarned exposed 1

Warned exposed 2

Warned protected 3
3. Risk catecgories

Negligible 1

Moderate 2

Fmergoency 3

F. Additional Information
Further i7" ion of these torms can be found in Ap-=-595
Part 111, pages 64 and 65. Pressing R/S will initiate the

previously keyed-in type of calculation cven if the inputs

arc changnd.




EXAMPLE 5.0 i

Given the following information, calculate the radius of

safety and minimum safe distance.

Yield = 10 KT troop disposition = linear
HOB = 1000 ft vulnerability = unwarned exposed i
CEP = 500 ft acceptable risk = negligible
PEH = 100 ft desired assurance = 99%
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off - then on 0
2nd ;
2 Select program 01 Pgn 01 0. 4
3 Enter yield (KT) 10 A 10,
4 Enter HOB (ft) 1000 B 1000.
5 Enter CEP (ft) 500 C 500.
6 Enter PEH (ft) 100 E 100.
7 Enter troop disposition 1 2nd A' 1.
8 Enter vulnerability condition 1 2nd B! 1. i
9 Enter acceptable risk 1 2nd C' 1.
10 Enter desired assurance .99 |2nd D' 0.99
11 Calculate radius of safety and - :
minimum safe distance 5.0 |nd E 15: y
1000. H
500. C
100, PH
1. D
1. v
1. N
0.99 P
15900, RS ,
l 16900. 16,300, M
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EXAMPLE #5.1:

Given the following information, calculate the probability

of not exceeding the acceptable weapons effects.

distance from troops to desired

~J

NOTE: Offset and radius of
safety must always be entered in
the above order. 1f one is to be
changed, both values must be
re-entered.

Enter troop disposition (see
subsection E) 2 snd A Z.

Calculate probability of not ex-
ceeding acceptable weapons effects 5.1 2nd t'

ground zer», i.e., offset = 8200 ft
radius of safety = 7000 ft
circular error probable (CEP) = 500 ft
troop disposition = gemicircular
STEP INSTRUCTIONS INPUT KEYS DISPLAY
1 Turn off, then on 0
nd
2 Select program 01 Fgu 01 0.
Enter CEP (ft) 500 € 500.
4 Enter offset (ft) §200 v #200.
Cnter radius of safety (ft) 7000 0 7000.




Equations and listings for programs
5.0 and 5.1 arec included with those for

5.2 and 5.3,

programs
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Secuvion Sh: Programs 5.2 and 5.3 j
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Fallout-safe Height of Burst Calculations
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‘DNA

AP-550 PROMPT Al

HTI

FALLOUT SAFE HEIGHT OF BURST

Desired - Prob.,
Assurance ) HOB

Yield (KT HOB (ft PEH (ft

_ vield (k1) (ft) Y.

SOURCE

OF

DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook -

Nuclear Weapons (U), AP-550-1-2-60-INT, Junc 1, 1969, Part 1171,

Section C.

DESCRIPTION:
A Objective

The objective of this set of two programs 1s to oo e
the minimum fallout-safe height of burst, or alternative !y tin
probability that a selected HOB will result in an oact il i
which 1s fallout-rtafce.  The calculation for minimun talil ot-
safte HOB 1s based upon fireball size and the uncert.ooint
actual HOB (1.e., PEH) duce to delivery systom obuaroaestor o

therefore, the user must specify the assurance lovel b dooire

To find the minimum actual HOB which will b tallouwt-oate,
program 5.2 should be run with PR 0.
ol [ncut a-Cutpuot

Program H.2: Fallout-cafe heidoght ot oy ot

[npeoit o Yieeld (KET)
P ()

Desirod asaurance

Probabar oty of achresing gt lout—oaete Holdsy
[rroat o Yoo ld (F)

PHIL (1)

HOB (ft)

: Limitas
Yeeld O.01KT O I
Hiotd s HOR N4
P PR 00 1
ey el FS SR SR [E i +o
A ]
- <. 3 it o




Ty = v

D. Data Storage Locations, Printer Alphanumerics

The user can find the following information stored in the

indicated registers (R):

variables Registers  Alphanumcrics
Yield (KT) R10 Y
HOB (ft) R11 H
PEH (ft) R14 PH
Desired assurance R18 p
Fallout-safe HOB only in display H

Probability that

HOB 1is fallout-safe only in display b

E. Special Features
b real

Pressing R/S will initiate the previously keyed-in type

of calculation even if the inputs are changed.
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EXAMPLE 5.2, 5.3

Given the following ' nformation, calculate the fallout-safe

heights of burst corresponding to the two desired assurances;

then invert the calculation using the HOB calculated for the

second given desired assurance.

Yield = 10 KT
PEH = 100 ft

Desired assurances = 99%, 75%
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off - then on 0
2nd
2 |Select program 01 Pgm 01 0.
3 |Enter ,ield (KT) 10 A 10.
4 iEnter PEH (ft) 100 E 100.
5 Enter first desired assurance .99 2nd D' 0.99
6 |Calculate fallout-safe HOB (ft) 5.2 2nd E' 5.7
10. Y
100. PH
0.99 p
651. 651 . H
7 Enter 2nd desired assurance .75 2nd D' 0.75
8 ICalculate fallnut-safe HOB (ft) R/S 5.2
10. Y
1N0. P
0.75 P
347. B
1
9  JEnter HOB obtained in Tast calc. 347 5 347
10 |Calc. probability of a fallout-
safe HOB 5.3 ond b Hod
1N ¥
1o i
347 !
I U ) vl

Lt ;‘ﬁ-ﬁ;{.ab‘ N o

@,




EQUATIONS

Definitions

Y = Yield

HOB = Height of burst

CEP = Circular error probable

RS = Radius of safety

X = QOffset

PEH = Probable error in height

\% = Vulnerability s.ate

R = Acceptable risk

P = Desired assurance (probability)
RSSR = Slant range radius of safety
B = Buffer distance

MSD = Minimum safe distance

Calculate RS and MSD:

A slant range radius of safety is calculated as a function of
Y, RSSR(Y), and the actual (ground range) radius of safety 1is

calculated as:

5 5 1/2
S = R - H !
R SSR HOB ] , (1)
and the minimum safe distance is calculated as:
MSD = RS + B 129
where B and HOB' are functions of the error distributions:
HOB' = top + LEIL f’n(l - 1) (3)
i 1.15 p
B = CEP[b - L }’n(l - L)] (1
a P
where a and b are functions of troop disposition {=co Table Ho10.
Calculation of RSSR:
Ado= RS (negligible risk)
M - PHSR (moderate risk)
fro= RS:-;R (emergency risk)
91
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For vuL = 1,

2
f7000(v-.005) """ for .01 < v o1
YT 6250 (ve. ) for 1 v . 107
g oo fN/LL22 for .01 - v <1
| N/1.2 for 1 o v < 10°
I I VS for .01 -y 1
lN/l.27 for 17y - 1[)3
For VUL = 2,
( . J13 L
. _ Y 7000(v-.009) for 01w
) 5000 (v+1.5) " >° for 1 - v - 10°
q o fn/p.22 for .01 - 1
I N/1.2 for 1 _ v o 10”0
b 4 M/1.35 for .0l - 1
| M/1.27 for 1 _ v - 16’
'or vUL = 3,
2
‘8576Y' for .01 - 1
N o= ) 7332(v-.05) "t for .1
'33O8Y’J4 for 30 v
N/1l.4 for L0 L1
‘6069(Y—.075)'11 for .1 40
o 12179Y'34 for 90 - v 20
NSLLGS for 300 S 10
1,38 for .01 Y .1
@ 4341 - for .1 Y 300
for 300 < v - 10
Calculation of probabii o cuccoding acceptable weanpons
of focts:
B = X - Rs, and
P 1+ e S TR R - whe o and boar TUenn s
in table 5.1,

‘a

[@a]




AD=A095 830

UNCLASSIFIED

HORIZONS TECHNOLOGY INC SAN DIEGO CA F/6 18/3

NUCLEAR WEAPONS TARGETINGs AP=-550+ CROM Als REFERENCE MANUAL.(U)
JUN 79 DNAOO!-‘IB'C-OZ“?
HTI=R=~79-125 DNA=5277H




Calculation of the minimum HOB which has a given probability of

|
being fallout-safe: I

- .4 _ PEH (l _ )
HOB = 100Y 115 In 5-1 (8)

{
Calculation of the probability that a given HOB is fallout-safe: j

P = {1 + exp[lP'ElH5 (1003('4 - HOB)]}-I (9)

Disposition _a_ b L
1 2.6 .2 :
2 2.6 5 1
3 3 -8 ,',
4 3 1 é

Table 5.1




e TR TR =R

DATA

PARTITION FLAG COMMENTS FLAG COMMENTS
AUTOMATIC 07 Marks exceeded
1imit
LIBRARY MODULE
CROM A-1
(Program 5)
DATA REGISTERS FOR EXAMPLE 5.2 LABELS
COMMENTS STEP CODE KEY  COMMENTS
=t RST|return on error
scratch E® 1nput.pr1nting
indirect register RCL Ff* |used in RSsp
(Pgm 9) £ |Print Y, PEH
E* jcorrect for risk
R cat.
L FSH, 50%
L used in RSSR
5 |[calc, 5.0

LN

-

i
i
=
=
=

Bk pob el et oot

DV

Y

HOB

CEP

RS

PEH

Troop disposition
Vulnerability state
Risk

Assurance %

Offset

“lused in RSSR
flcalc, RS, MSD

calc. 5.3
calc. 5.2
calc, 5.1

il

el g .




PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

RINEN 5 LEL 047 0l i Iy
201 =21 RST | (Return on error) 42 00 0O (t/100) '
ooz 22 RTH Og4a 0o 0O < (t/100)
00z &8 HOF Oosn 95 = e (—'— + Y) :
o043 HOP 051 42 =70 1000
QoS =3 HWOF nszx o1 0t
O0s o303 05z 92 ETH
ooy =30 4+ Coefficientsfor prob- 054 74 LEL
Q03 232 HOF  [ability of damage 0ss 15 E
oos o3 = for 4 troop configur- 05e 23 . -
a1 230 4+ ations. ¥ L
ail Z2 oEiT i !

| U1z e wid PG Print Y :
1= i - 09 ;
0isd & + E® :
ois 2z 807 5 P
oig 3 3T S
RS o az

i

Print PEH as "PH"

= KL CT Tl T

(s
N et ]

L D D T

b; a is in t register

—
s

)
R

[P s xR R I B O I By
- 3

o
A

mr-mign

LT e 0T e |
-

Prints inputs which ove
have a lower l1imit of o7vs

—
b

)
I e

N Do s Doy B 00 b Bt Toov a0 Tl s 0] e 00 0 Pose 00 00 0 2000 o N2

H
=
It
i
i
7
7
=
Y

i i i 0.

N . . Used 1n RSSR

i 23 FTH corrections |
G - = for moderate and

0z Used in SR radius emergency risks ;

of safety:

4+ D

e
DY W O § B

NN SR IO W R S R T SR | B S

VI ST e T T e |

-
e ——T T —— —E ™ e | e e e~

02z a5 4™ Push operand into HIR T 1

=4 0 1 stack FRT i

025 T2 EE t = t register a1oad !
: T 3 x = display a2 RTH ]
: D "5 LEBL !

o 2 HIF -X caont i

o 2242|1000 o1 a

0 24 ROL a0 o '

P : 1 TN

gj; E Hég' T6%64'Y) 3? el FSH, 50% probability

ndd < v I NN

n4s = o 45 e

5 - an o, i
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PROGRAM MEMORY (LIST)

STEP CDDE  KEY COMMENTS STEP CODE  KEY COMMENTS

]

04 4

e
[z N x]
i La

o
1}

0 L v s
L]
-.

FSH, 50% (Cont.) 142

LEL 144
‘ 145
;l ; - ‘{f
o HEE
= Used in radius of Lad
- safety, SR L
= VuL = 3 s

WETRK

PG N print vuL (cont.)

!
f
|

£
4% 0% 0%

L |
-4 €T
SRS

fane
o,
o 1)

]
LN )
e S X

)

N
RN

K !
e €20 0L 5 -

frete foonate

m
=

55

L)

D ]

Print P ,
des1red probability

ot

eI i T T O . S R ot I N | -‘1~ LR -

bab e e e s ks ke o
= T e AR

Return on error

1 Label A. Calculation5.0 FoT

i FEZL (Calculate SR radius
i . ic of safety

i O gs |2ogY

; Print Y -

VUL

ik ke b o ot
3

Print HOB

3
%

If VuL=3

m

Print CEP

|
|

-y

oy

< LS F D T e T

D)
[ A U T

} If 209 ¥ > 0

(g%}

T AT e Ve

B B T

SR
TS T

(if Y > 1)

A0 b T Dol ot Tde Pl Trele [
o} Vel 3T

-y

Otherwise YuL=1 or 2,

o P GO T e e
-y

-

L
m

and Y < 1:

ot fTE

LYY

HH
H
=

RN e |

Print DISP

1 U e - [

el
-

D

TN e

0

(see Eq. 5)
7000(Y-.005)" 13 = N

m
T

3 4+ g =R -» -- Lot b

B 'll W 4: [ %

Dy
I
-l

% Nn SN 1 IO R I SR

SR N

DO )

3 U T T a3

T AT e

Ll el e e e T e e P S Y VAOr VPO O K R O S

| Lotd 4 JI Correction for moderate
ﬁ 2 T NI Print VUL P a5 risk

C1An 3R ourT rin 27 fa Correction for emergen-
i ~ R [ o

cv risk

r
|
-

R s
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STEP CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

STEP CODE

COMMENTS

(Y WX )

[xx]
N % ]
_nen

[Nl x]

DY WS KN W RN o ]
O R ]

AL e

o

S N Ry T N SO

()

X%
DOV s

[¥n)
D O

}

SN TN T

ed Tt Folt 00 =g o ] e Tl D00 g e ol ) ) )

) et

0

o T P 0

1T b ST e 0 0 e e e 08 T

11
3
S

Jocde Jusbe o ot fon
Vo e
) NN b

8 T T T Tl Tl T )

oK

i
B2t UON I oI Wil iy

b

LA T
RN BN W O 1 PR IS P L) R

s RN ]

b

LEL

AR v
I
1]

e » I
Dy e
3

rde
e ]

Jm i i} o
[l o B e B 1 ST

[ o -l v}

B

e
U NG
P I n K 0

) |f‘“.| ] ~I'-:;l
b T

K

Label DSZ: distinguish
risks

Risk

If Risk = 1, no cor-
rection
(negligible)

If Risk = 2
(moderate)

Case for Risk = 3:
Label ADV

RS.n, in RO1

SR

%ﬁ%?-in t register

HOB + ..

PEH 1 _ '

"-l—.-rs- ﬁn(a - 1)— HOB
(Eq. 3)

RSSR

RSZ, Ground range
(Eq. 1)

RS
} Print RS

ol o
-

DL e AT D0 0n

v

m
-7

bt g (T3
AT L

[am—y

I LI e BN Y CONE AN W e 0

m
A

— Tt o]

e

RN ]

s
Mar

gl

TR b e T e e

DO

Lt TR o 0 o 8 0 0 S

/A
Ean LT I R w R e

Ea
o

i

IIRII

ngn
Print RS

RS
Disposition

Get coefficient for MSD

" ‘4"

Print MSD

RS+t

MSD in display

-
= T = 1
—

LR R e S IR
R X R S ) [ OBy

s waCRU NS = vt T
__:l;:it—‘-

[EV ]

[ XD

Label D, Calculation
5.3
Print Y, PEH

Print H




PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE  KEY COMMENTS

T

V-
P
m

Lower limit =
.9 CEP+RS

L ]

m

DV i OO S I S )

oA

Uy ‘ Return on error RS

[
(s NN

S )

4 1.15
100V et

in t reg. > Print offset

(cont.)

m

Ja T

(s O o I 1 B i N S

bt 7 P
Lol S SR A o R |

57D | 10074 - Hos

=5 | Print P (Eq. 9)
LEL Lgbg] C. Calculation

IIXII

d 1,
IR TOCRONL IR RIS o N i S 3 Y SN R I 2 SO R ) |

-
[y
=
\

N AT

e

Print Y, PEH uR

1,
4
3
;
.
:

]

Print radius
of safety

VO e T 00 1

R i B R

=] TV Jo T

Print P

l

‘ Return on error

e

OIS SN R S X
[}
g

I|SII

1
¥ I K
[y
1T

am

i o -'-r T e [0 T e O O el Z

SN W

el

)
m._.‘ .
= [ T b o]

a3 L LY L LA PP P T T TaTOT
s T )

o :.'§ ExF Sﬂ 1 ||Dn

0% 0 5 il Print disposition
05 @ =4 100y" 4. 1P.E1H5 in t regq. = T

NI 7

0T i "H" ] FoH

R

SR A MO SRR WS S eI AN WY
o
L

()

(O P O e I e I 0 B S

e KT 000K,

- '.EI s

)

0 ) T LI e ) P e

(Eq. 8)

bt T
(Rl

T 4 =T

VI e

o

} Return on error

e VT
S R AU

R
=B

£ Print distance
s (FSH or MSD)

1
| RN
o

RN

LEL [Label B. Calculation
ig E 5.1

] T I e ) [ e
RS AN RN

SN

aa
o

(x
RS)/CEP y.

Ealb A0 00 0 V0 00 T 0 T D )

| A e o e Ll ol el el T

A
I
0 Fa [
ol
g

] e

N N SRR I N IO | Y R 1 I CXIE RS SN SC Iy LU I s SR O3 KON RIS R R o

q
R S et T Y S R

[

AN 1 nen Print CEP

b
(N

L Lo T e

ER L N

Al
—
P

2
T |cEp

% w0 TR I S S T
PO N SRR R A

oLt b




STEP CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

STEP CODE KEY

COMMENTS

RO RO XIS W W

T s [0 L ol ol g0 o0 0 i e Todt Qe ol £ L0 P L0 Fo

ROV RO O I O RS

¢ T L ke 200 T 0 0 T T T

WU I L D a6,

B

[}

N ()
et (UL I SN 0

Dl =%

(]
ot

CROUR RN ) SR B

S 80
IR e O RN 1 )

[

DO I o N WO )

[N 0N 1 I SR

—
e I a et [
Do N o

fa
o
D)
]

B oS

XA +
—

[ R

‘.‘.
—
¥y

ey R SRR ) N

TN e
RV -

= v
e

e e
R | SR O o
o -

H I! Il‘xl
FisH

R

ETH

™

.0

-

P R TR A,
— 0

[y

PO D Ran 3 s QORI S |
- O T o

+ T

[N

-
=4

m
Den v I

I
(v}

(%éh for calc. 5.3)

[} pll

P (Eq. 7)

Print "p"

Disposition

Used for retrieval
of coefficients
for 4 risk
categories -

See note on
coefficient
retrieval

For

Disp: RO1:
1 004
2 008
3 012
4 016

Print "P"
Low

High

llpll

423
424

DV R I ) |

U

L I S N

a0l D e L e 00 T T P00 T

2 et

DN DO RS W)

242 RTH
1

RN ()

Lo T O
CER R B

-t || b

— T

] b AL L e

D RN SOUR I 1 RO OO ¢ O S I ) B ) IS R =

e fa o

Dl S

o

I e I
g e ) T
)

U O |

2T
Of A
oz =
oS 5
GO0
S
o303
oooo0
oo 0

[l
L IS
I 1

T e T

.15
PER
1004

Case for VUL#3, Y > 1

If VUL=2

Case for VUL=1,
Y>1

6250(v+.3) "2

SO e e I}

VT O e e T
Fa B 0

........

|

L
DO O | :-- DA e )

=

=

ot

)
P
a3
£5 s
01 1
os 5

(]
U]
Vi

Case for VUL =2, y> 1
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memw— -
.

STEP CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

STEP CODE

KEY

COMMENTS

47

471
Ehelr
f
473
4
[ 4

Ja
3]
3y

000l g g )
SN

B TN RN ) Y PR PR

20 0

RO

CO O w R X RO K

C W N W I W N KN N I N (]
O T [ RO 1 S N B S S ey

NI I o B |
i

[ ) IS < PO SN T

s I e O o N o I O s R
SR IR s s o

PRIV RO IO Ay R B TR RN RO, T R R IR B B ) L) B S SRR S S CURS A SN SN WS NS SN R RN AR NI SR SRR NI ORI ORI <A O Y

N e o S S )

[n AN [ SN O SO |

3q
i

i T4

e} b O

P
i
i
=
S
t
hrd

R R

"]
O IPOUPR BT I ICRCRUN) SRl I SN | =Y

LI | (]

3
-

o
o
c
o
=
c
b}
o
c
b
5

T

il
e =
filla}
=~
P 1
404
i
£
s
o3
Pl 3
P
i1d
{1
c

=4
)
=
o=
[

s

a5
47
o1

I+
D -
[}

R KV

-
iU

o
o

S LI oY

o
LN

[EAN

=]
s e
b

m

—
KON VR I 1A e I o o SRS T i

—
e
E
s
-
S

[

o m
DO o]

Ve

B

Fdll
—ponm

— e L

).36

(1.5+Y x 5000

Corrections to

negligible risk, fon

moderate and emer-
gency risk

Case for VUL=3
LogY+4, t reg = 3

IfYy<.l

If Y > 300

otherwise .1 < Y < 300

If RISK = 3

If RISK = 2

Ify>30

Start of Case for
VUL=3, RISK=1

A

Tl RN RN NN nnenen
e IR RON B N I

[ 4

DI 3 B RO IOy ST B O RO RO ) Ry L) O L Ny B R RO R B I
DOON SN e R W N

T

N e

U SRR S S S I
A o+ _F D b= ) b e gy

- -

.

.1 <Y <30

(y-.05) 11

Case for VUL=3, RISK=2

If - 90

Case for VUL=3, RISK=2,
1 <Y <90

6069(Y-.075)" 11

34 Case for
VUL=3; RISK=1;
30 £ Y <300

3308Y°

Case for VUL=3; RISK=2;
90 < ¥ < 300

2179y 4

Case for VUL=3; RISK=3
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STEP CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS STEP

KEY

[ S S WL B e

[ SR SRR

W

X T X T (T
VT T Ty

£
g5
i

g l'_‘l:'- lﬁj‘l J..L (;n

DO ]

Do W

YN

YRS
T s ) e

i
il

1
{5
g
1S
i
17

Al

1,

]

—
[}

SN IR ERURR RO

f

[N}

b

I R A T IO R RO TR I L I )

Lo W v 1

O e ] w LI

] CF) D e O

RS S SN Y]

) K e

R Y

Fa

DOUR PRI S

c v |

4341x(Y-.055)" 1°

Case for VUL=3; Y > 300
3308y 34

Corrections to negli-
¢ .le risk for mod-

‘ e. .te and emergency
risk categories.

Case for VUL=3; Y <« .1

85762

I Corrections to

" negligible risk

‘ for moderate and
emergency categoriesy

FTH
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Section 6: Programs 6.0 - 6.3

Probability of Damage Utilizing
Equivalent Target Areas

S
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— 2 )
DNA AP-550 PROMPT Al HTI
PROBABILITY OF DAMAGE - EQUIVALENT TARGET AREA - VN SYSTEM

TARGET TARGET SELECT
CEP (ft) | LENGTH (ft)| wIDTH (ft) | AIMPOINT |6.n - Pd
TENGTH WIDTH

\_YIELD (KT) | HOB (ft) VN, K N, K )

r a0\
DNA AP-550 PROMPT Al HTI
PROBABILITY OF DAMAGE - ETA, CRATER RADIUS METHOD

TRARGET TARGET SELECT
CEP (ft) LENGTH (ft) | WIDTH (ft) AIMPQINT 6.2 » Pd
LENGTH WIDTH

\_YIELD (KT) | HOB (ft) MEDI UM C.R.MULT. | c.r.MULT.

\

DNA AP-550 PROMPT Al HTI
PROBABILITY OF DAMAGE - ETA, WEAPON RADII SPECIFIED

- TARGET TARGET SELECT
EP (ft) L LEnGTH (Ft) [ WIDTH (ft) | AIMPOINT 6.3 - Pd
TENCTH WIDTH
\_ WR (ft) WR (ft) AJ

SOURCE OF [LCATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-Nuclecr
Weapons (U), AP-550-1-2-69-INT, 1 June 1969, Ch. 4, pages 28, 30-33, 37.

DESCRIPTION:
A. Objective

This program calculates the probability of damage to rectangular
targets using the Eguivalent Target Area (ETA) method. The ETA is an
area such that the probability of placing the ground zero position within
the area is equal to the probability of doing the desired damage to the
target. Given the target dimensions, the circular error probable, CEP,
and the weapon radii for both dimensions, the program will calculate

the ETA dimensions and the probability of doing the desired damage.

The program sets offers four calculations. Program 6.0 uses
the VN system to calculate the length and width weapon radii for
P-type tergets, those most sensitive to shock overpressure. Pro-

gram 6.1 does the same for Q-type targets, those most sensitive
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to dynamic pressure. Program 6.2 calculates the crater .adius

and then uses it to calculate the weapon r.u1l. For cases when
the weapon radii are known, crogram 6.3 allows the user to enter
these values 4 proceed with the probability of damage calcula-
tions. Once the weapon radii are obtained, the program uses the
same calculation for the probability of damage in all four

routines.

B. Inputs-Qutputs

The CEP, target length, target width and aim point (1 for
center of target, 2 for longer dimension edge) are entered in

all four calculations. The other entries for cach procram arc:

6.0: Yield, HOB, Length VN, Length k-factor, Width VN,
Width k-factor.

6.1l: Same as 6.0

6.2: Yield, HOB, Medium (1 = dry rock, 2 = wet rock,
3 = dry soil, 4 = wet soil), Length Crater Radius

Multiplier, Width Crater Radius Multiplicr.
6.3: Length Weapon Radius, Width Weapon Radius.

A negative HOB is interpreted as that distance below the ground.
Programs 6.0, 6.1 and 6.2 calculate the weapon radii and all

four programs display the probability of damage.

C. Limits
The following limits are the same for all the prourams:
Yield: 0.1 KT < Y < 30 MT
Lenuth: I, » Width
width: W > 5 ft.

Aimpoint: AP = 1 or 2

Program 6.0

VN : < AJVN < 54

k-factor: 0 <k <9

HOB: 0 = HOB < 2308 Yl/3 exp (-AJVN/15) ft.

AJVN = Adjusted Vulncrability Number
(for width and length)
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Program 6.1

VN : 0 < AJVN < 34
k-factor: 0 < k < 9
. 1/3
HOB: 0 < HOB < HOB_ . (Y) ft. 1

where HOB is the minimum of:
max

900 vi/3 ft.

2308 v1/3 exp(-agvn/1s) ft.
Program 6.2 i
HOB: ~200(v)% 3 < moB < 20(1) %3 fe. |
Medium no.: M=1,2,3,4 P
Crater Radius Mult.: 1 < Length CRM < 3
1 < width CrRM £ 3

D. Data Storage Locations, Printer Alphanumerics

The user can find the following information stored in the s

indicated registers (R).

Variable Registers Alphanumerics

Yield R10
HOB R11
CEP R15
Length R16
Width R17
Aim Point R18
Width Weapon Radius R27
Length Weapon Radius R29

Bl

o I » =0 0=x K
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(continued)

Variable Registers Alphanumerics

For Programs 6.0 and 6.1

Length k-factor R13 LK

Width k-factor R14 WK

Length VN R19 LV
Width VN R20 WV '
For Program 6.2

Medium R12 M

Length CRM R13 LM

width CRM R14 WM

For Program 6.3 |
Length Weapon Radius R13 LW

width Weapon Radius R14 WW




EXAMPLE 6.0, 6.1 (P and Q Target Options)

Calculate the probability of damage to a 500- by 50-ft

bridge from the dynamic pressure (Q-type target) effect of
i a 0.5 KT weapon which bursts 100 ft. above the bridge. Assume

the relevant quantities are:

CEP = 500 ft Aim Point = Target Center
Length VN = 18 Width VN = 14
Length k = 9 Width k = 9
é STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT l
1 Turn off - then on 0
2nd
2 Select program 01 Pgm 01 0.
3 Enter the target length, L(ft) 500 2nd B' 500.
4 Enter the target width, W(ft) 50 2nd C' 50.
5 Enter the weapon yield, Y(KT) .5 A 0.5
6 Enter the HOB(ft) 100 B 100.
7 Enter the CEP(ft) 500 2nd A' 500.
8 Enter the aim point 1 2nd D' 1.
(1 = target center,
2 = edge of longer dimension)
9 Enter the length VN, LV 18 D 18.
10 Enter the length k factor, LK 9 D 9.
11 Enter the width VN, WV 14 E 14.
12 Enter the width k factor, WK 9 E 9.
13 Calculate the probability 6.1 2nd E' 6.1
of damage to the bridge from 0.5 Y
dynamic pressure. 18' tx
Note: If this were a P-type 14: Wy
target, step 13 "Input Data" 9. WK '
would be 6.0 and the resulting 100. H
probability of damage (P) would
be 0.347. 375. LW
505. WW
500. C
500. L
50. W
1. A
0.651 0.651 p
|
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EXAMPLE 6.2, 6.3 (Cratering and WR Input Options)

L A solid arch concrete bridge 1000 ft long and 70 ft wide 15
to be attacked by a 10-KT weapon which will burst on contact with
the bridge. The weapon,which is aimed towards the center of the
target, has a CEP of 500 ft. Assuming the length and width crater
radius multipliers are 1.25 and 1.5 respectively, calculate the
probability of damage to the target. See AP-550, tables I1-5, 1-6,

I-7, and I-10 for source of crater radius multipliers.

Change the length and width weapon radii to 350 ft and

300 ft and recalculate the probability of damage to the bridgec.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off - then on 0
2nd
2 |Select program 01. Pgm 01 0.
3 |Enter the weapon yield, Y(KT) 10 A 10.
4 |Enter the HOB(ft) 0 B
5 |Enter the medium (1 = dry rock, 1 C 1.
2 = wet rock, 3 = dry soil,
4 = wet soil)
6 |Enter the target length, L{ft) 1000 [2nd B' 1000.
7 |Enter the target width, W(ft) 70 |2nd C' 70.
8 |Enter the weapon CEP(ft) 500 [2nd A' 500.
9 |Enter the aim point 1 2nd D' 1.
(A =1 center of target,
A = 2 at longest dimension edge)
10 |Enter the length multiplier, LM 1.45 D 1.25
11 Enter the width multiplier, WM 1.5 £ 1.5
12 |Calculate the probability 6.2 |2nd E' 6.2
of damage to the bridge utilizing 10. Y
the crater radius method. ?- ;
. '
1.25 LM
1.5 WH
142. LW
171, WY
500. C
1000. L
70. W
1 A
0.298 0.298 P

108




T ———— w
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

13 [Enter the new length weapon 350 0 350.
radius, LW(ft)

14 Enter the new width weapon 300 E 300.
radius, WW(ft)

15 JCalculate the probability of 6.3 |2nd E' 6.3
damage to the bridge from a 350. LW
weapon that produced these 300. A
weapon radii. 500. C

1000. L

70. W

1. A

0.536 0.536 P
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RL
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CRD
LCED

Herps

rpY

L

LI'TA

WFTA

AP

»

" Cr

[ONS (Note all distances in feet)
itions
= Crater Radilus
= (rater Radius Multiplier for Length
= Crater Radius Multiplier for Width
= Radius of Disruption for Length
Padius of Disruption for 'idth
= Length "eapon Radius
= width !'eapon Radius
= Circular "rror Probable
= Adjusted Circular Frror Probable for Lenqgth
= pdjusted Circular I'rror Probable for '!idth
= Target Length
= Tarqget “idth
= Lenoth Fquivalent Target Area
= Width Fquivalent Target Areca
= Alm Point (l=Center of Target, 2=Fdge of Target) (dgz)
= Probability of Damage
and - are intermediate calculation values

“or calculation 6.2 (CR Method):
PRI, - CR - LM (1)
PN P (2)
Lo~ Y.l - pL (3)
W= 1Ll i (4)
Por calculations 6.0, 6.1 and 6.3 (The weanon radll are
erther calculated or entered)
RL = LW (5)
RW = " (6)
The tollowing R values are then used 1n th» probability
caleulation: Cre, 1L, o A, R, P, WL and VWL
2 172
Laory (e 01201 (7)
3
'.‘(‘!‘I‘1 (0P 4+ 00120950 Lo (%)
LUTA Lo+ 2RL (9
WETA o 2ny (1M
s LA D Lo (119
d
. WETA D wery (1)
B
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Yy = (W+RW) ¢ WCEPa
§ = RW : WCEP
a

Case 1: R < 4

1/2

P = |1 - exp(-0.2218%)  ~ ’1/2

1~ exp(~0.221u2)

Case 2: [ > 4 and AP = 1 (center of target)

5 1/2
P = {1 - exp(-0.221a ﬂ
Case 3: { > 4 and AP = 2 (edge of target)
1/2 1/2
p o= 1 - exp(-O.SBFZH + |l - exp(—0.88y2”
= 5 4

111

(13)

(14)

(16)

(17)




PARTITION FLAG COMMENTS FLAG COMMENTS
07 Marks limit
AUTOMATIC check error
LIBRARY MODULE 09 Distinguish
CROM A-1 P-target from
Program 6) Q-target
DATA REGISTERS FOR EXAMPLE 6.1 LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS
- ool 2 D cpp, calc.
= Tt T a
“-Z o Y. lcalc. eq.15-17
indirect RCL (Pgm 9) T Tz |6.3 calc,
- <= - - 6.2 calc.
2T <2 -=  =16,1 calc.,
SShas RN _ ~16,0 calc.
- - . . - - Ll |HOB
T 20isics iz |Soil medium: 1,2,3,4
R Length WR, CRM, or K
T < {Width WR, CRM, or K
Rl 1T |CEP
- 17 [TJarget Jength
B T |Target width
H 127 |Aimpoint: 0,1
i |Length VN
7 s _ Width VN
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i PROGRAM MEMORY (LIST)
{ﬂEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
' i T2 LEL | Label C'. 2% Z& |See Eq. 5
| PN ~~ TE R29=LW )
B Calculation of -7 2T
., LI adjusted CEP for 3 |
| I width or length R " i
oz : see Eqs. 7 and 8 4+ 4
. d I Print entered ;
‘ LR I < Width Weapon Radius |
| R - e See Eq. 6 -
Pl T4 & =z =10 R26=RW=WW P
b2rs 23070 X Z= Zee | R27=WW '
DI IT o X -~z =70
| Sl =% i EAR -
L -- BT i i : :
: - . _, : —‘ : :; :_ Ilcll ]
| o E = LEL Label D'. : SZS
- .= T ' - = 270 Iprint
s Calculation of a part - S CEP
B of Eas. 15, 16, or 17. - -
-% i 'E' 5 f:; :
- 2T BT ¥ ST E 1 i
. .? - v:;._ : : : - ||L|| 'v
3 o+ - i -~ | Check and
-3 o7 2T R print ‘
SIS IIIe : -~ ;7 |length
SRR b LI
G i TIEZ Lower Limit = W
CLIa o 1 o7 3 5 Upper Limit = 9E8 3
SRR oo S
R S o7 = = i
Iz =T o= T R
DI s oRTL | ]omes S S T T T
' 23 T2 Lec | Label D. E: W
| ne 3 I N g = 17 | Check and
Tie . Input Weapon Radii oz = print W
nITozionoe T s - 1
L - . LIz L - |Lower limit =5
S oes N
oal T T LW oETo " !
: AL A Print entered Length D LI ) .
| eI L Weapon Padius R z . :7 | Check and print aim
| A ARR R point
g id 3 oA T il - kI
fas 1L ez P4
Nde & 270 R28=RL=LW 03 - A
I S
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PROGRAM MEMODRY (LIST)
STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS 'i
If Flag 7 t41 =2 =70
is set, Le F%:l‘.s Caleulat
o to 370 oL alculate
9 2= | Weep
Ce See Eq. 8 i
FOL .
If LW x Wi = 0, Ze | calculate b
= WETA
Lt See Eq. 10
then P = 0 and = Calculate Ist 7
= half of Eq. 17 A
. o to 3
£ %o to 362 z Prepare to |
2 = calculate
= Calculate last part
= LCEPa of Eq. 17
Z See Eq. 7
7 = Go to 347
=% I Calculate .
13 RO : LETA Label C.
T3 ’ See Eq. 9
3 CR-UR
2 Call cratering
i ik Code to check
iz = Calculate Limits and print
DZowrT o Yield and HOB
R See Eq. 11
‘ ::—_: ; ' Ith1II
ERE R ROT = 0.221
\ T Put 5 in t reg
-3 =TCD T=Lower Limit
SR S T A > | 3=Upper Limit
°T SE | Case ] 211 | Check anc orint
= 23 | Go to Step 344 3% 0 Length Multiplier
3 45 | See Eq. 15 o
2% Fop | If Aim Point=1 4
-z 1z | (center of target), 3 UMY
1 i1 | case
‘r 1 =7 EL | Go to Step 347 E T=Lower Limit
LI 230 02 see Eq. 16 S U o
P 2T 47 e 5r | 3=Upper Limit
O - Case 3 g o 1% | Check and orint
123 a2 3 - t2e I Width twultiplier
C1s0 gz oz | ROT=0.88 127 25 PGH
L




PROGRAM MEMORY (LIST)

COMMENTS STEP CODE  KEY COMMENTS 1

<y

B O

R

A a0

Pt 01 e G e G o0 ol 60 e

Ja [ ]

et

"

A

B T R T

2

) ] T

Y AN

¥ WO OO O T O SO R

bt 00 P R e D )

m

TR TR (-

N I

wd A e

S RO AU SRR WO B SRS S PSR
s B e

DRI RN

[N I SR |

ol
[

LI O

—
IO o

o 0 R s 0 B R

| "

STy v

™ +

Lo 0000 e

bt U

Fooe

m m
P

K b

o

e
Food 00 000 e 0000 000 et ngd 0T e T [ a3 KT e

 RYVIE I AV N

(X3
—f

Call cratering 235 1R &
code to .
calculate i
crater radius Fam ‘
i :
g Check and print Y |
CR x WM = RW Z

IILH
See Eq. 2

M
L

L vy W

R26= RW

R27 =WW
See Eqg.
CR x LM

Check and print LV, LK

T+

1) ] Bt ek

Max H for LV, LK L g

Y

A0 0 TS

[en]

LW

S

Al

See Eq. 1

Caiculate LW
R28=RL

R28=RL=LW
See Eq. 5
R29=LW

R29 = LW
See Eq. 3
LV

WK put WV=R]3

LK WK=Ry4

Go to 321
tc print

LW and WW
WV

Label B,
Q-target WR Pace calculation

Label A.
P-target WR

(Flag 9 cleared by

LK page 2)

Set flag 9 again for

WK  put LV=R
13
s P-target (6.0)

LK=Ry}

Lv for Page 2

||w||
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PROGRAM MEMORY (LIST)

COMMENTS

Y o R

g SR

m

=
P}
P
173

&
Eli

o T T

T T

=

] A e

JCRIRN SR 1 o

/D

(vl DU IOK R o

5|
]
]

DS e |

A
=

COMMENTS STEP CODE KEY

L
CURNY
T

Check WV, WK

A SR T o B

Max H for WV, WK

Max H=min{L-max H,
W-max H}

IIHII

Check and print H

Calculate WW

R26=RW=WW
See Eq. 6

original register

Wy ]}Rep]ace to
) positions

Print LW

Print WW

Go to beginning of
calculation

Begins calculation for
Case 1: See Eg. 15
(step 345 calculates
| the_1Ist half of Eqg. 15)
Begins calculation for |
2nd part of Ea. 15 or
all of Ea. 16 or the
2nd part of Ec. 17.

See Eq. 8

Calculation of » or
see Egns, 12 or 13

Call D' to complete
calculation of P

IIPII

Print out Probability
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Section 7: Programs 7.0

Cratering Calculations
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(DNA AP-550 PROMPT Al HTI

CRATERING CALCULATIONS

7.n » CALC.

SELECT
YIELD (KT) | HOB (ft) HEDL UM RADIUS (ft) )

SOURCES OF DATA:

1. Defense Intelligence Agency, Physical Vulnerability
Handbook - Nuclear Weapons {(U), AP-550-1-2-69-INT,
1 June 1969 (C Int), Part II, pages II-1 through II-8.

2. Horizons Technology, Inc., Nucliear Weapons Effects
Programs, DNA-1 CROM-1, 3 November 1978, Programs 8 and A-1l.

b DESCRIPTION:
A. Objective

Given any two of the following three values, crater radius (R),
heigyht of burst (HOB), or weapon yield (Y), this program will
calculate the third. Programs are also included that calculate
the optimum HOB and corresponding crater radius given a vyield,

or optimum HOB and minimum yield given a crater radius.

Results are provided for four different surface medium

categories:

Medium 1 Dry Rock (less than 3% moisture content)
Medium 2: Wet Rock (more than 3% moisture content)
Medium 3 Dry Soil (less than 10% moisture content)
Medium 4 Wet Soi1l (more than 10% moisture content)

A negative height of burst is interpreted as a distance
below ground. Crater dimensions are estimated in the reierenced
documents within +15%. In layered media or in the presence '
of an intersectinc water table the accuracy is estimated to

be reduced to +25%.

B. Inputs-Outputs

The medium number is uased in all five program calculations.

The following other values are used 1n each program:
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Program 7.0: Crater radius, depth and volume
Inputs: Yield (KT)
HOB (ft)

Program 7.1: Less than optimum depth of burst
Inputs: Yield (KT)

Crater radius (ft)

Program 7.2: Necessary yield
Inputs: Crater radius (ft)
Height of burst (ft)

Program 7.3: Maximum crater radius, optimum HOB

Inputs: Yield (KT)

Program 7.4: Minimum yield, optimum HOB

Inputs: Crater radius (ft)

A rough estimate of the following crater dimensions can be calculated

from the output values:

Radius of the crater from the top of the lip = 1.25 R
Depth of the crater from the top of the lip = 1.25 D
(depth from surface)
Radius of the ejecta material = 2.5 R
C. Limits
Yield: 1 KT -Y < 30 MT M = Medium
Medium: M = 1,2,3,4 (l=dry rock, 2-wet rock,

3=dry soil, 4=wet soil)

For Program 7.0

HoB:  -200(v) %3 - Hop - 20(v) %3 £t

(a negative HOB denotes a depth of burst)

For Program 7.1

Cruter radius: 0 _R_-U.L. (Upper Limit)

where
U.L. = 151.8(Y)O'3 for dry rock
U.L. = 174.9(¥) %3 for wet rock
U.L. = 161.7() %3 for dry so:1
U.L. = 214.5(y> 03

il

)




For Program 7.2

HOB: -3000 < HOB < 300 ft

- 442.2

Crater radius: L.L. < R < 4 exp (A + .7 1ln

108, 1) v

where L.L. is the lower 1limit, and:

= 5.77 for dry rock
= 5.94 for wet rock

= 5.94 for dry soil

-

= 6.2]1 for wet soil
For HOB > 0
L.L. = 3.7

For HOB < 0

L.L. = 3.7 exp [B + 1n (:%g%)
where

B = -1.27 for dry rock

B = ~-1.30 for wet rock

B = -1.73 for dry soil

B = -1.20 for wet soil

D. Special Features

The program leaves the calculator in the radian mode.

Pressing R/S will initiate the previously keyed-in type

of calculation even if the inputs arc changed.

E. Data Storage Locations, Printer Alphanumerics
Variables Reygisters Alphanumerics
Yield R10
HOB or optimum HOB R11 H i
Medium R12 M
Radius R13 ' R

L e oo -
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EXAMPLE 7.0, 7.1, 7.2 (General Calculation and Inversions)

Calculate the crater radius, depth and volume produced by a weapon
of yield 10 KT set 240 feet below the surface in dry rock. Then find,
for the same weapon, the HOB that will produce a crater radius of 150
feet in wet soil. Finally, find the yield of a weapon which produces a

100-foot crafter radius when set 20 feet below the surface in wet rock.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

Turn off - then on

2 Select program 01 Z2nd
Pgm 01
Enter weapon yield, Y(KT) 10 A 10.
4 Enter KHOB (ft) -240 B -240.

{(Note that a negative HOB means
a distance below ground)

5 Enter the medium 1 C 1.
(1 = dry rock, 2 = wet rock,
3 = dry soil, 4 = wet soil)
6 Calculate the crater radius and 7.0 [2nd E' 7.
depth 10.
-240.
1.
301.
3 | 30102 173.
Display the crater volume (ft”) 2nd x (2.462 07
8 Enter crater radius, R(ft) 150 D 150.
Enter the new medium value 4 C 4.
10 Calculate the HOB (ft) 7.1 |[2nd E' 7.1
10.
4.
150.
3.28 3.28

XTI <

o>

o= =<
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3 EXAMPLE 7.0, 7.1, 7.2 (cont.)
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINTY
11 {Enter new crater radius, R (ft) 100 D 100.
12 |Enter the HOB (ft) -20 B - 20,
13 |Enter the new medium value 2 C 2,
14 |Calculate the weapon yield (KT) 7.2 2nd E' 7.2
~20. H
2. M
100. R
0.49 0.49 Y
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EXAMPLE #7.3, 7.4 (Optimized HOB Routines)

Calculate the maximum radius that a 1-KT yield bomb can produce 1in
dry soil and the optimum HOB that the weapon should be set at to produce
this radius. Compare this to the maximum radius produced by the same

weapon in dry rock.

Then calculate the smallest yield that a weapon must have tc produce
! a crater radius of 209 feet in wet soil and the optimum HOB that the

weapon must be set at to produce this crater.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off - then on
2 Select program 01 2nd
Pgm 01
Enter weapon yield, Y(KT) 1 A 1.
4 Enter the medium 3 C 3.
(1 = dry rock, 2 = wet rock,
3 =dry soil, 4 = wet s0il)
5 Calculate the maximum radius (ft) 7.3 2nd E' 7.3
and the optimum HOB (ft) 1.
3. "
162. R
-158. -158. H
6 Change the medium to dry rock 1 C 1.
7 Repeat the same calculation R/S 7.3
1. Y
1 M
] 152. R
’ -109. -109. H
Enter the crater radius, R{ft) 200 D 200.
Enter the new medium 4 C 4,
10 Calculate the minimum yield (KT) 7.4 2nd E' 7.4 ’
and the optimum HOB (ft) 4. M
200. R
0.792 Y
-129. -129. H
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EOUATIONS

Definitions

Y = Yield (KT)
HOB1 = Helight of burst for the equivalent 1 KT explosion
HOB = lleight of burst
Ry = Crater radius for the equivalent 1 V7T explosion
R = (Crater radius
D] = Crater depth for the equivalent 1 X7 explosion
D = Crater depth
V = Crater volume
OPT HOB = Optimal Height of Burst
Poutine 7.0:
HOBl = ”Og~§
3.3v7°
IF'or I{OB1 > =4
R, = 3.3(k-110B Sexp|-q(k-10B —t’
.l 1) exp|-a(x-tor, |
—_— A n
Dl = 3.3(k-LOBl) exp’~m(k—HOBl)—pl
For HOBl < -4
- b oo . 0.15 |
Rl = exp'c51n (a bfn(—HOBlD l - d‘
Dy = exp 'hsin (f—qfn(-HOBlno'zl— j;*
0.3
= v
R Rl(')
0.3
= \'4
D Dl( )
v = TR D
2

*For a Dry Soil Medium:

8

Dl = exp{h51n

(f-q!n(-uonlno'zl- jL 3

i

(7)

(8)

(9)




The coefficients for the radius calculation are:
Coefficient Dry Rock Wet Rock Dry Soil Wet Soil ’
£ 74.2 71.6 56.0 56.0 '
g 13.4 17.3 13.0 13.0
h 4.47 4.67 5.68 5.68
j G.0 0.0 0.0 1.0
a 150.0 153.0 117.0 128.3
b 37.0 36.0 25.0 29.0 '
c 6.02 5.15 5.07 3.35 :
d 1.0 0.0 0.0 3.0 !
k 5.5 7.5 11.0 11.0 !
s 3.6 3.8 6.9 4.3 ;
g .342 .27 .38 . 237
t 1.5 2.7 9.4 4.5 ]
n 3.9 2.1 5.1 2.7
m .4 0.08 0.25 0.08
p 2.5 1.5 7.3 3.3 l
Routine 7.1
This routine uses the false position method to calculate the é
POB given R and Y.
R = R (radius for a 1 KT explosion, in (10) :
S 0.3
3.3Y meters)
r.H, - r,H ;
(1) =- L1 2 2 lst Iteration (11) C
new r, — r
1 2 1
where: j
for R < ua, for R_ > u,
s s
rl = o - RS ry = o - RS ‘
r, = (5 = Rg) 5 = 2(b-RS) (12)
Hl = =5 Hl = v
H2 = 4 H2 = 4 ‘
)
(See table below for the coefficients «, £, vy, 3.) ]
H1 and H2 represent scaled depths of burst. :
3
Using Hnew(l) as HOBl, Rl is calculated, using equation
(2) for Rs < a, and equation (4) for RS Dot
_ _ 1
For RS 2ty T, = 3T, {(13)

(This increases the accuracy of the false position

routine).
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{ {
R, 'H (1)
| new |
R = ————— - R (14}
new 3.3 s
for for
(Rnewxrl) <0 (Rnewxrl) 20
r2 = Rnew r1 = r2 (15)
p1 = Hnew(l) H2 - Hl
r2 - Rnew
Hl = Hnew(l)
Now a second Hnew can be found using eguation 11:
r,H, - r_H
, 1] 272
dnew(z) = ——;T-iT::——— (16)
1 2
HOB = -3.3 1__ (2) (v)0-3 (17)
new
The coefficients for the HOB calculation are:
Coefficient Dry Rock Wet Rock Dry Soil Wwet foil
al 28 32 35 35
q” 46 53 49 65
v 33 40 48 42
&t 0 1 2 €
‘v is the radius for HOB = -4 meters and V = 1 XT

’Maximum Ry in meters

'Depth of Burst for this Max R; in meters

“¢ = radius for HOB = 5 meters, Y = 1 KT

Routine 7.2

This routine uses the false position method to calculate

the yield from a given HOB and radius.

_ R
Ry = Yn(?."i) (18)
_ HOB
Hy = 3.3 (19)
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r,Y - r,Y
Yhew!!) = - i P 2.2 (20)
1 2

where:

v =

Y1 10.3

[ 3 7[ Hm
r, = [nz + + . n -— - Z
2 1 134 RL (21)

and

for Hm > 0

ry = RL 2

_ _ )
Y, = !?n(}!m) Pn(4+Medium) @ 3
for H_ < O

m P

_ - _ _ I

ry —'Ynz w + fn( H) Rp, o 2

Y, =(Pn(—um) - w3

(sce below for a table of coefficients w and z)

Now Vnew(l) is substituted into equation 1 and then either
equation 2 for HOBl > -4 or equation 4 for HOBl < =4 1s calculated
to produce a new:

| |

RllexplYnew(l)h

rl = .8rl (22)

Now an iterative routine is performed twice:

| , ™
) Rl'exp &new(lﬂ‘
- In - T i=1o0r 2 (23)
new 3.3 L
for (Rnew 'rl) 0] for (Rnew rl) 0
Ty = Riew 7 r2
Y1 7 Yhew'd) Yo =V (24)
Ty ~ Rnew
vy o= Ynew(l)
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r,...,.... e e e — = e e NSO P o

r.¥Y, - r.,Y
. 171 272
Y (i+l) = —~ {25)
new ry r,
when i+l = 3 (2 iterations of equations 23-25)
then Y = exp Ynew(B) (26)
The coefficients for the yield calculation are:
Coefficient Dry Rock et Rock Dry Soil et Soil
z! 16 19 19 25
w 4,05 4.25 4.68 4.42
'Radius for HOB = 0, Y =1
Routine 7.3
The maximum radius R is:
R = 3.38(1) 03 (27)
OPT. 10B = 3.3y(v)0"> (28)
Routine 7.4
The minimum yvield v is:
R 10/3
v o= [tfifjl (29)
orT. HOB = 3.3,(v) 03 (30)

where Y is the valuec from eguation 29.




PARTITION FLAG COMMENTS FLAG COMMENTS
07 Marks limit
AUTOMATIC check error
LIBRARY MODULE 09 set for depth
calculation
CROM A-1
{Program 7)

DATA REGISTERS FOR EXAMPLE 7.1 LABELS
DATA COMMENTS STEP CODE KEY COMMENTS
AN iz B' [Coeff. unpacker
“Z FTriReturn
3 E* [Feet/Meters
=z 1+ |Retrieve HOB
S% o | Coeff.
- =_ JRetrieve coeff,.
1T £ Yield scaling
== = R or D calc.

frote Roohs oot fpaate frreds oot
T I o 0 [ v 07

foroehe

=
=
-

[ RO SOV IO

Y
HOB

Soil medium: 1,2,3,4

Radius

Y 1limit checks
Y, HOB, M 1im.
M Timit check
Rmaxs OPT HOB

Ymin, OPT HOB
Ruax or OPT HOB
R, D, V calc.
HOB calc.

Yield calc.
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PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

| - Label A*, 047 71 SEFR |with string in the
‘ Unpacker routine G4 20 1T |display
| for coefficients ngs = 2
Display = Value in dis-| U <2 ZTLC |Store string in R23
play when A' called z '2

Label E,

Takes
Fraction [

R23]
lOROz

; 1O(Dispiay)

and puts it in the
display

e LT s oy s

Y0.3

Scaling factor

AT T 0 B LD b 00 0t L o vt v

e Cal D D P T b 8l v S 8 S e G €10

Takes R23 203 ]
integer 1OR02 Y0.3

and puts it in R23

Label=,

B R L I PRI S

Label RTN Routine to calculate

crater radius

T Label E°. See Fq. 1

o0Ed 1

s oz

LZe 23 3.3

i S 1
Ty Label C', :
2= 0| ROS = -HOB, 4
B Routine to retrieve SE 1
3 HOB coefficients a5 1f -HOBy - 4,
mif ‘Ei go to 501
s -2 =T _ |Calculation of CR for
e Label B' ! SZ IS | -HOBy 4 .
- ! T z 1 /
=3 General X 0% 05
23 KL | coefficient P S
121X | string routine X s - Get confficient
3 0= [ S string :
42 =70 (=T 0 4’
1z e T OB Store it in RZ3
4 FGM | Pgm 9 a9z 43 ROL |
o3 049 SBR Ind 21 returns ez 22 oz lg




PROGRAM MEMORY (LIST!

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS
+ 141 o300
-HOB]. ) - -
= ||Hl\
: _. T Label CMS

R Recall q or m B

__._: v - - nMu

G H Check and print

medium number

s R7 Recall t or p

|

e Cabel D. T

To Calculation of R and

25 e OPT HOB. max

0l H Check and print

14 R* Recall s or n yield

10 E”

%5 = Check and print medium

fzf Store R1 or D1 in RO4 If flag 7 set, go to

i ¢ Label RTN

e Label Y*,

B Check and print Yield Recall HOB

G104 coefficients

‘;E See Eq. 27

f§= Label PRT, .

53 ‘ Calculation of Rmax )

o : Call yield .

$3 | check R

:f; ; HOB

3+ Limit check ;@ Print radius
rlTE 5? E and print o ‘
133 2 UrT routine -2
D SR S g2 R13=R i
14 .
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PROGRAM MEMORY (LIST)

* STEP  CODE Kty COMMENTS STE CONE KEY COMMENTS

= N = T2 LEL |lapel D
e - - - Calculation of OPT :
1SI 0 -1 272 1Go to D' to calculate 53 - |HOB or max R.
1S L L OPT HOB Sz See Eqg, 28 or 30 i
1532 T2 LEL | Label PAU, -
= 22 FAL [Calculation of Y.i, and T
£z OPT HOB mn S £ !
P . 5
- Check and print medium S 1
| ST ngn Print OPT HOB ,
| ;? Print radius
) -

(8}

? - If flag 7 set, go to R11 = OPT HOB
‘ T Label RTN F !
= L Label A,

Calculatinn of P, D @Y
= [call Y, HOB, I

~
-
jodd

Calculation of minimum
yield

e TTY )

[ S

37 1If Flag 7 set,
! go to RTM

| I )
e T

See Eq. 29

D

Call
radius calculation
Return with R1 in R0O4

IIRH

Cooe

v e

Print crater radius

b}
)
=
)
i
=
'
=)
=

R10=Y

(R S S

Pl Tl Tole Tl Tl Tl oy Dol Dol Pl Tl Dol Pl Do Tl Dol Tl Tl Tl Pl Pt D00 Pl Tl Tl P Bl Tad o

! : 3 myn x L
! i = ] i
| EERE T = |
] éiz : ;; : Set Flag 9
¥ ;éz .{ Zié ; Drepare for depth !
| e Print T o0t calculation
; d Yield 2 0T 7
i 4
s 1
A l

T n
s
~

s fay

Lz | Get proper address to




PROGRAM MEMORY (LIST)

1 STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

e - calculate depth aTa 5T EE volume in display
7 T =z FIw | {truncate volume
4 o IR e tc 3 decimal places)
% g | Put address in ROI % 4 i

b

R R R

Go to depth calculation

i e et e

Lo 100

Return with D 1in R0O4

Fo 50 e 0 e T

Recall R

Lo b

If special case of
Eq. 9, then

Label B, .
Calculation of HOB in-

S N RN N S e | RN R

BRI RO I T WO A S R B PR ) AP B

= Sion. .
_ R : Check and print Yield :
Ry = L 25 ‘ 1
3 ,-E | “
:5; :_ Check and print medium 4
i 354 1% L Call string of coeffi-
=3 IS5 T4 3 cients
Dz Put R in t reg TEL 4 e
TF =T 2T R27 = H, = 4 ;
= [ - [
g Remove flag 9 - Recall |

R e e I I

H IIDII j ’
iz | s
= Print depth 4z R24 = vy =0 ‘ i
3 iR |

s E = 2T T R26 = ry = ‘

=S Calculate volume i e e

4z TEI S5 - See Cn, 12 |

13 eSO 1T E '

ZE See Eq. 8 *TO 1O B

wa ITL 22 8T L check Timits

o S oS¢ | and print

N I = radius

nE 2 Set up volume such V4 ST FOL

35 = that pressing X puts a7Ts I 13

133




PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS 1

27 e EAC e e |Go to 690
=~ I I

i ||R|I qii._ LEL Labe] C,
1T Calculation of Yield |
DL I, inversion ,

= =2 FCL |See Eq. 18 |

i =5 - Calculation

o7 If flag 7 set, go to . of R

.= Label RTN . L

- ! See Eq. 18

RO1=RL

R
Rzl (3)3’

3.3y
STO 01
If
RS >

io to Step 666

E% Y-0.3 EE E
e 5 Limit check for HOB
Fa o and medium

See Eq. 19

_HOB
m 3.3

SR P PP DRI

P e

H

)
o

e it ot B saa

r2=-RS

lL‘RS=R24

R28=H
m

o ar

DI O S S S
o |

Pl e G L OV 20 Jan e 00,

Get coefficient
string from Pgm §

-

;}; —r]H] 22
-+ 1

i
Vel g (T

]

=3

(g0}

£

-

[}

L

(]

R24=r1=nnz
R26:r2=fnz

(N

YO
(3
R
T TE3 Z e T

1T

RO5=H
new

Calculation of
Eq. 12
to get
R,{H }
1 ‘new

[W}]
1T

[

(2 i)
S ROL) [

P O R S NS N RN cN SN SN S SN SN RN VS S SN A SN A WA S N
. et 1)
T

[ [l [l e
[t b 0 o0 08 0 T ) e 0 T e 0D O
i) IO

[
—f 0 [ e
o T3 O S IV T 0 ) TS TS WA R

T

CNC Lo o T e T
|

[n S 28
LD
o T T P B T
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PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

o1 1

! (]

32 STO R25=Y1=10 If

R I a-b -~ -n(-HOBl)

G4 +o- 1 -W is = 0

=5 4+

f RO4 = 0 = R1 or D1
, = RTN

Z If -H >0

B m -

Go to 551 |

Flag 9 set when depth
calculated

R24=r1=0

_ Medium
b= Qn(Hm)-%n(A+NO >

Recall
s % corn
54
Z Recall
a8 dor j
cl Go to step 559

Store R, or D

Calculation of Radius 1 1
in R0O4

or Depth for

i -HOB - 4 i

i 3 Continuation of yield

(i See Egs. 4 and 5 o inversion

L = R24=tnz

X Get coefficient string | == tlowton( -
Recall 55 [-w+en{-H )] |

a aorf Sr See Eq. 21 !
- == -

10 - s> -

1y 4z oz Recall Eﬁf Z. :

iz i H?Y b or g ".!I? _:’: -

1= -5 B [ =

14 43 FCL | SHoB el 0x 3

15 05 05 1 62 43 SUM ipgsey 10,3

i te 23 LHEH 63 25 25
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PROGRAM MEMORY (LIST)

KEY COMMENTS

COMMENTS

A T T 4
1173

5
=

onandnanonaninennn

L en e

AN SN

0 I W
-1

s [

R27=Y2
Y2=¢..3

T T

for -Hm < 0 or 3
] y =[-w+5&n(-Hm)] )
I 2 .3 o7
3 for -H - 0 i:
R26=tnz+3+.7 zn(ﬂm -g) i3

134

Limit check and print
radius

| IOV R

LI IPCROY W | B IO R B AR

D)

"R E43 4T

eSO L0

= S

5 BS2 0T
H e o
IFF If flag 7 set, =54 23
T go to Label RTN LI
FTH eSe 52
ZBF 57 04

DI |

Ton

Ll

-
e e e

T -

R i s T
LT,

R o
—

e bA

S

R26=R26-RL

Calculaticn of R

and Y new
new

n?4-R
R24=- 5

Ynew(l) r

R]O:exp(Ynew(]))

See Eq. 21

R24 = ,8(R24)

Ist time through set
flag 7 (i=1)

2nd time through reset
flag 7 (i=2)

Use equations 2 or 4
to calculation a new

leYnew(i)r

ROSzYnew(i)

n 51 «Y,”SW,(,U_», I
' 3.3
Calculation

of new

Y

new( 1)

R]O:Ynew(i)

[f flag 7 is set
go to 629

Print calculated




PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

e
COE

Yield value FOe

hond

piX

RS NI &%

(1K)

R24=R24-R01 ;

SR o |

—
-

Recall y Continuation R26=R26-RO1

of HOB

[n}
i

AR B A | S SSERY O RN
el

P T ga For da

[ ]

Tt ol m Tt ] bt o TG

3
L inversion 2 _
EES R25=y 5 - |False position
ray! Z 23 Rl (routine to set
7 7 R24=<1-RS 21 i |new iterative values
"z a5 _ S35 =
= | R26=8-Rg a2 =70
T4 BT g4 g
s0E D TEL | ResaseRg) @0
= ~BR _ 43 RCL
= a7 |y - rif-rots T4 =4
: 47 new ri-r, o5 =
=70 =3 LR
oS t: o

[an)

I
)

i
iy

a-R
2

R24= -

RO2=R02+1
See Eq. 4
Rl{Hnew}

Rl{Hnew}

R EOURCLIIN (N e &

e
[

I R BN S S I R

-1,

o m
m

Set new values

o

I B s

f ] -

T

=+
—
-+
_
id
=

IESENE
SR A A S S
T O

hs I AR 1 [ P A IOt

Al

IIHII

H
=
=
c
]
£
-

w [T} *; DRSS PR

o
N
i
&
]
L
i
=T
T
L
i
T
H
i

O

L
= E R e v 2 =70
- mn s . . - g T
£33 15 Finished calculation i - . © Fatse position
FOOo 14 E Print and -d RLL °
Tl H4 4 - store HOB 4 o4 4 |calculation of new
“HI 0 I FoH 34 £S intermediate value
- - [ =4 1 T
= p ]
o i B

e N W K]

SRR

RIL | (R24)(R25)-(R26)(R27)
c (R24-R28)

mogh
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b 1
i
i

STEP CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS STEP CODE KEY COMMENTS

-~E
.

e

IR = |

il
-cc

bt o
TEE
-~
[
'{" 5 b
- -
v S 7
- -
e
b IR
R =3
=T
[l =<
-
L]
- .
R =L
i
G
- - -
[l ]
-
[ O

=
i)
+ T
b ]
T
—

=5
L
iy
=545
o5

T da

[ WL O
oy e Conll

e

NOTE: Overflow from
this program is in
Pgm 9, step 187 et
seq., located at
page 1-17.
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Appendix A: CROM Al Demonstration

139




Bl onA AP-550 CONTROL A1 W BIFEE

DEMONSTRATION PROGRAM (RST, R/S)

SOIL MEDIUM WEAPON RADIUS OFFSET SKip — START

YIELD HOB VN, K ENVIRONMENT PROBASBILITY

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook-Nuclecar
Weapons (U), AP-550-2-2-69-INT, June 1, 1969, Part IV,

DESCRIPTION:

A. Objective

The objective of this magnetic card auxiliary program is to provide a
quick demonstration of the AP-550 CROM Al's calculational capabilities.
The PC-100 printer must be attached for execution of this program. After
program initiation, the five representative calculations given below are

performed consecutively without pause.

1. Probability of damage and weapon radius to a circular
normal P-target at the optimum height of burst, or if
the user inputs a height of burst, probability of damage
and weapon radius at a given height of burst; or the
probability of damage to a circular uniform target if

the user inputs a weapon radius.

2. Weapon radius for personnel targets at a specified
height of burst.

3. Minimum Safe Distance for troops or, if an offset is
provided, probability of not exceeding the acceptable

weapons effects.
4. Crater radius at the optimum height of burst.

Weapon radius and probability of damage - ETA, crater

L
.

radius method.

B. Inputs-Outputs

This program may be excecuted without entering any of the input data

(sce oxample) . If the uscer chooses this option, the default valuces listed

140
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r—

in Table 4 will be used. These values can be changed by entering data in

the apprownriate override keys also listed in Table 4.
C. Limits
Limits can be found in the descriptions of the programs run.

D. Special Features

Up to two calculations can be skipped by entering their numbers on

key 2nd D'. Numbers can be entered 1n any order. The numbering scheme
is one through five, with one being the first calculation run, five the
last.
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F—-—————-——-————_W

Table 4. List of default values and override keys.
Input Used in Alpha- Default Stored in Override
Calculations  numeric _ Value Register Key

Yield 1,2,3,4,5 Y 30 KT 10 Key A
Height of burst 1 H Optimum _* Key B *
Vulnerability number 1 v 16 30 Key C +
k-factor 1 K 3 31 Key C +
Circular error probable 1,2,3,5 o 800 32 None
Target radius 1 T 2000 33 None 1
Of fset 1 X 800 34 None
(for P-target damage prob.) |
Damage sigma 1 S .2 35 None b
Weapon radius ] W None _* g?x 2nd
Environment number 2 E 8 36 Key D
Height of burst 2,3 H 1600 37 None
Probable error in height 3 PH 20 38 None
Troop disposition 3 D 39 None
Troop vulnerability 3 v 2 40 None
Acceptable risk 3 R 4] None
Desired assurance 3 P .95 42 Key E
Offset 3 X None _* Key 2nd
(for troop safety prob.) ¢
Soil medium 4,5 M 1 43 Key 2nd
Height of burst 5 H 0 44 ﬁone
(for cratering damage prob.)
Length crater radius mult. 5 LC 2 45 None
Width crater radius mult. 5 WC 1.5 46 None
Length 5 L 800 47 None
Width 5 W 200 48 None
Aim point 5 1 39 None

* See next page for footnotes
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* Keys B, 2nd B', &nd 2nd C' change the calculations performed
as follows. A height of burst entered on key B will cause the
weapon radius for the first calculation to be calculated at

this height of burst rather than the optimum height of burst.

A weapon radius entered on key 2nd B' will cause the weapon radius
calculation to be bypassed in the first calculation. An offset
entered on key 2nd C' will cause the probability of not exceeding
acceptable weapon effects to be calculated rather than the

minimum safe distance.

+ VN and k must both be entered, VN first, k second, both using
key C.
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EXAMPLE #1:

(a) Run the entire demonstration program using the default values.

(b) Run the demonstration projyram using a height of burst of 300
feet for the first calculation. Omift the fourth calculation.

144

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off, then on 0.
2 Read sides 1 and 2 of card 1.,2.
Initialize program (stores RST 0.
default values) R/S
4 Run demonstration 2nd E' see printer
output (a)
5 Enter new height of burst (feet). 300 B 300.
This input overrides the optimum
height of burst calculation in
the 1st calculation.
6 Omit the fourth calculation. 4 2nd D' 4.
Two calculations may be skipped.
Both should be entered using
2nd D'.
7 Run demonstration ?nd £ see printer
output (b)
L B o I - I




PRINTER OUTPUT FOR EXAMPLE 1:

(a)

i
>’ T

[ ko i

CTETT e

£

[

t

1

A




r"‘

PRINTER OUTPUT FOR EXAMPLE 1:
(b)
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b

i

| SR A S B S

Damage Sigma

= | Environment

- | HOB

PEH

== | Troop disposition

PARTITION FLAG COMMENTS FLAG COMMENTS
479:59 0, 1,2, 7, 9| Used by CROM. 3 Used by control
1 Suppresses 4 program to dem-
AUTOMATIC CROM's print- 5 onstrate diff-
ng. r c il-
LIBRARY MODULE " ?t?gg Sipigé]
CROM A-1 CROM,
DATA REGISTERS FOR EXAMPLE 1 LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS
-z Calc., # Registers - 2T . _=| Initializes
B 00 through = =2 | Advances
= print 29 are uced |[Z == . =L }Optional
B T pointer by the CROM |~ -7 - 77 calculations
S, LIZc s = 0n1y those o= - = Stores Y
- = registers s== I " HOB
- - used in the (|- = _ : " VN, k
- - control pro-|[; —: T “ Env.
" C gram are DT - = " Prob.
- - noted here, {- . : u Soil
T ) y et : " WR
: } HOB - - ! Offset
: o | W, E, C, M A . Skip
- VN, RS, LM : =T Optional
= = |k, PEH, WM o xT Stores defaults
T = |C, D I Starts demo
s 2T, v, L S =7 Tz Calc, #2
L X, R, W ol Z4 B |3
T TS, P, A ST =l JE | 4
S X S IR S
~: ] VN number
' k factor ‘
CEP |
c -z | Target radius |
. .o | Offset
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DATA REG. COMMENTS

a 41 Troop vulnerability

: 4 Acceptable risk

-5 . Desired assurance

o Soil medium

- HOB for ETA cratering method

] .y Length crater radius multiplier

.= S Width crater radius multiplier
o Length

E Width

oG Aim point

) HOB for weapon radius and prob.

L T Weapon radius

o Offset for troop safety

- B Omit calculation

T S Omit calculation

1
foor

[l
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PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS
r_ EEuia oo T i o S X I
oo =1 =70 6o to 1/x - = =
R B i | Label A,
= .Et._ [Label CLR. 1A
- ST LLF = == 77| Stores the yield
- =7 L7 |Resets two flags ST A
T used by the CROM, - = FT
Je o BT R stores 10 in R0O2 et Label B.
I AT for the CROM print =
L Z< ZTE | routine. o Store a HOB for the
R = weapon radius calcu-
o sz wE Tation.
S Sets flag 3
=2 = Label C.
: : 45 £ | Stores VN and k
Label ADV. i S oErL
. = Moves paper ahead T
T T 4T three lines. 2 T
IR P = - BT Label D.
o =BT 3 - - Stores environment
I "= L t£i |{Label RCL, ) - R
S = i |Calls the CROM weapon LT
o o B radius and probability T £_ | Label E.
- - = of damage calculations < F
N 2T LT with a user-specified N B Stores probability
3 T HOB. - =
Label A'.
7 < - - | Stores soil medium
= ~%. |Llabel STO, ) o o
< E - Label B',
Calls the CROM ) )
probability of damace - ) Stores weapon radius
RO calculation with a for damage probability
= TaEE user-specified weapon calculation
- radius Sets flaq 4
- Label C'. T
- - : 31T Stores offset for
LS R s - - BN probability of
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PROGRAM MEMODRY (LIST)

COMMENTS STEP CODE KEY COMMENTS
troop safety calculation] I+ De o F

Sets flag 5

Label D'.

Stores two numbers for
omitting calculations.

k)

[Label X.

Given a user-specified
offset calls the CROM
radius of safety calc-
ulation, then the CROM
probability of not
exceeding the accepta-
bie risk calculation.

o
-

N SO U WP &

Al B b

[

i

t

S o TEG ol s
RN T= tEL |Llabel 1/x. - N o
: i%: iL? Clears pending opera- ety
R g tions = -
2 Ty 0 Stores 30 as thedefauly - --
o ax L TH y]e]d, S a0 .
= TR R R R 16 as the default DAL EE Bt
Sz 0L YN, AR S ¥
150
L—'——-' . % [ o £ g e e

crater radius

3 as the k-factor and
the acceptable risk
level,

800 as the CEP, the
offset (for P-target
damage probability),
and the length (for
the ETA cratering
probability)

1500 as the HOB
(for weapon radius
against personnel
targets and radius
of safety),

200 as the width (for
the ETA cratering
probability),

2000 as the target
radius,

0.2 as the damage
sigma,

8 as the environment
number,

20 as the probable
error in height,

2 as the troop dis-
position, troop vul-
nerability, and length

i sl NN R o .



PROGRAM MEMORY (LIST)

COMMENTS STEP CODE KEY COMMENTS

multiplier, ‘_3:-,[5 £
= Stores HOB for the

0.95 as the desired ot
assurance,

user-selected HOB
option

L Stores weapon radius
2 p for the user-selected
1 as the soil medium D WR option
and aim point, D5 FCA
E { E~ i Stores VN
1.5 as the width crater : —? _; 7;?
radius multiplier, o TR =
IEE i T Stores k-factor
) Z | Zeros the registers - ERE Stores CEP
R for the optional R T
. - -7 inputs and the calcu- | 24 1o =

L= T T lation skip numbers R S :J

(
L

E ; TO = =E = | Stores target radius
| o L L ceT - - Stores offset
i .. - =% I5tores O for the HOB e ol =To
; B - -7 for cratering e : T ST
| SRR
i --= = F_ | Label E' - - == 7L | Stores damage sigma
- R Initializes . oT FF If the user input a
o T -E SRR weapon radius go
——~ = 77 | prints DNA/AP-550 .- =L 7D | directly to the
N v e ey probability calcula-
' E- R tion. If the user
- g o ER T input an HOB use that
. oo rather than the OHOB. ’
s . Sees if the first R Otherwise run the
I calculation should be | ~-_  _ weapon radius and
CEs T omitted ty comparing o LR probability program
- ] with the contents Soe 2l T at the OHOB.

SR of R53 and RS54 R PR




STEP

CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

KEY

COMMENTS

- e
S
~
|-
b~

T3 S T PR RO SO W 1
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Too g T

b T
o e [oa b

v
i

N
oo

ST

!

o

- rl” P T R e
h

= r

Ao
1

C

oo
i
o
L
.
.
s
-
I
=
oL
ros
P
o
oL
-

Label CMs,

Sees if the second
calculation should be
omitted

Initializes

Stores HOB

Stores environment

Runs weapon radius
calculation

Label CE.
Sees if the third

calculation should be
omitted

Stores CEP

STEP CODE

il g

—= i

[y
+

—_

-
v
o
v
Ty
oo
el
o
1
e
 t

- T
o

CLF

PEH

Troop disposition

Troop vulnerability

Acceptable risk

Desired assurance

HOB

[f the user input an
offset do a probabil-
ity ca’-ulation

Initializes

Runs minimum safe
distance calculation

! Label DEG.

 Sees if the fourth
calculation should he
o tted

Initializes

- S —




PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS :
R . ‘ ST Al Target width

T =2 0z D Stores soil medium 2T ! 1T

owT T Sirer o an ‘
T PR Z 1TE I TE |
S S5 w70 - =) !
1o -~ |Runs cratering calcu- S0 ao o- i
T : oo lation o =z 272 |HOB ;
Tic i Eon e 1
Label RAD. O -
LET A Sees if fifth calcula- #;fl :}— ;vj ?
o By . tion should be omitted i =% F T [Runs ETA Crater‘ing

f;: jfi i 22t <2 %o | probability calcula-

{ s ?; S50 T Co- tion {

Initializes

e _£ Stores soil medium

S ;
- - . [

- -2 Length crater radius

< f i multiplier

= <. 7 | Width crater radius 4

= = = multiplier

. e = |cep

Target length

i

;
ot
T

-
[t 1.
oay
m




Appendix B: TIterations " and II




BEE ona AP-550 CONTROL A1 HTI

ITERATIONS | (Pgm. 01, Input; RST, Input, Run)

Sx MULT.? Sx MULT.? lix MULT.? Ax MULT? n.n — CALC

REGA;xf;/\x REGB;xf: Ax REG; x4 /X REG; xg: Six l LOOPS

DESCRIPTION:
A. Objective

This control program provides an automated way of doing
parametric studies using the programs in the CROM. Input
variables may be incremented by some specified amount over
any desired range, with the CROM carrying out the calculation

5 anew for each incremented input value. Each calculation run

may be set to treat as many as four variables parametrically.

With this control card, Tterations I, cach jarametoerioed
input variable may be stepped either by adding an amount

for each calculation zr by multiplying the value by a factor

Ax cach time, as the user wishes.

The Iterations IT control program operates
similarly but steps through a set of values which are explicitly '
entered, but which, therefore, need not vary by any fixed

| increment.
3. Inputs {

Initial inputs (i.e., for the first of the scries of
calculations to be run) are entered as they are normally done, ]
through Pgm 01, following the procedures set forth for the

particular calculation in the main body of this document.

Next is entered the number of variables to be para-
meterized (spoken of as the number of iteration "loops").
Then, for each such variable, the following are enterced:
(a) the register number storing its value, (b) the maximum
value, x¢, to be used for that variable in the iterations,

(c) the amount, Ax, of the increment to be used, and if

appropriate, (d) the choice that the increment Ax multiply

the previous value rather than be added to it.
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C. General Instructicrs for Data Intry

1. Press 2nd Pgm O01.

2. Enter initial inputs for desired calculation, following
format of the particulur CROM program.

3. Press RST.

4. Enter number of loops desired (i.e., number of
parameters to be varied) with key E.

5. For the first varviable to be parameterized, enter
witn key A, in order:
a. Its storage register number, (Rp) (sce Fig. 2), i
b. The maximum value to e accepted, (xg), and
c. The increment to be applied (4x).
If Ax is to be applied as a multiplier (not added),

press 2nd A'.

et

6. Repeat step 5 for successive variables using keys
B and ?nd B', C and Znd C', ctc.

7. To start, enter calculation number (n.n) with key 2nd E', j
exactly as is do'.e in starting this calculation when

using the CROM directly.

D. Special Features 4

All values, REGi, Xgo and Ax arce retained after the pro-
gram has been run, and do not necd to be re-cntered unless
they are to be changed. The number of loops desired (key E)

may be changed at any time.
E. Data Storage Locations

Initial values for the various porameters are stored
according to the CROM's universal input routine (Pgm 01) for-
mat. The relationship between keys and storage register numboers

is shown 1in Fig. .. ’

C I;“_‘ D '

A B" e R17 R1Y

R15

Eogro |[B i € rip (D erasa | B oo

N

Figure

Register numbers corresponding to
input keys of the CROM universal
input routine.




Keys D and E sometimes accept a single input (e.g., crater
radius), sometimes a dual input (e.g., VN and k). If two
inputs are needed, the values will be stored at the respective
register numbers shown. As an example, if VN and k were en-
tered at key D, VN would be stored in R19, k in R13. However,
if only one input is entered with key D (or E), the register
number corresponding to that input is the one underlined (for

key D, R13; for key E, R1l4).

P ~ [y i) L‘A o i it T i 00 S . _
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EXAMPLE s1:

Calculate the weapon radii for yields .1, 1, 10 and 100 KT for the
tirst three environment categyories of the personnel vulnerability code, for

both the surface burst case and the optimum height of burst cases.

NOTES: 1. All initial values are entered through the universal input
routine.
2. All product options are removed when RST is pressed. That

is, after RST, all 'x's will be added (not multiplied)
urless the 2nd A', 2nd B' ectc., keys are again pressed.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off, then on 0
2 Read either side of Iterations |
card 1.
3 Prepare to enter initial values nd
(per universal input routine) Pgm 01 1.
4 Enter lowest yield (KT) 1 A 0.1
5 Enter height of burst 0 B 0.
b Enter first environment cateqgory I C 1.
7 Return to lterations program RST 1.
“ Enter number of loops desired 2 E Z.

9 Enter register for yield (R10)
(see Fig. 1) as first incrementing

register 10 A 10.
10 Enter largest desired value for
yield 100 A 100.
11 Enter increment in yield 10 A 10.
12 Select multiplying option for
first (yield) loop 2nd A 10.
13 Enter register for environment
categories as second incrementing
loop {i.e., REGB) 12 B 12.
14 fnter largest desired value for
environment cateaory 3 B 3.
15 fnter increment to environment
category ] B 1.
16 Initiate run for surface burst see printer
case 4 nd [ 0. output
17 Initiate run for the optimum HOB See printer
case 4.1 2nd 0. output
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PRINTEER OUTPUT FOR EXAMPILE

#1,

STEP 16
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PRINTER

OUTHUT FOR EXAMPLL

[ \

#1,

STLEDP

17
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PARTITION FLAG COMMENTS COMMENTS
239.89 0,1,2,7.9 Used by CROM.
3-6 Product
AUTOMATIC options
LIBRARY MODULE
CROM A-1
DATA REGISTERS FOR EXAMPLE 1 LABELS
DATA COMMENTS COMMENTS

REG.

|
LI

Program n.m

) Used by CROM

’ Pointer registers

Universal input
routine registers

\
§Used by CROM
|
$

Pointers to registers
to increment

'Final values of in-
‘ cremented parameters

STEP CODE KEY

_ - JSet uyp pointer
. registers

= I Stack manipu-
lation . .

Enter initial,

final, and

increment
values.
Number of loops
Initiate calc.
Z )| Set option for
tos muitiplica-

T s tion into
T registers,

NETEET

W ITTY 1




r —

DATA REG. COMMENTS

- 7“

T B Increment values of parameters to
o ‘ increment

T STemporary storage used by Program 0.

1o

]
N
Cr g e

LR L R R R

ST T T T

o

RO
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KEY

COMMENTS

PROGRAM MEMORY (LIST)

STEP

CODE

KEY

COMMENTS

1oL

[t
s
4

POl v fon

[

i
i
T
I
T Fre
N

M

Label DS/,

R6=30+

R7=34+.

R8=38+:.

0 %or
1 for

-2 for

3 for

LBL A
LBL B
LBL C
LBL D

0 in recur-

sions

Label R/S.

"Label A~

Stack manipulation

- -
~ - .
- -

i
-
A VI

4

v M

T

A three-register stack:

x+*R30.4R34.,:R38

T

SO

- LEL
- o

Label B.

Stack:

x+*tR31::R35.*R39

Label C. o
Stack:
x11R32++R36.'R40

Label D. -
Stack:
X+*R33.:R37.+R41

Tlabel £,
Enter loop

Label EF,

n.m
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PROGRAM MEMORY (LIST)

COMMENTS

COMMENTS

L
Vot
o
S S IR
(I I

i

O T T T
[

.
[ IR N

:
b

’
Dy

oI by b

|
i} i
VO L e

VT

i

i

AT | I AR
|
[ RN N

{0l

Copy initial values
into registers
42-45

Set up and call
CROM

|
[ L

|
i1l

™

(NN

—
=

Ca

CELCT

Start of parameter
manipulation

Set up for flg IND

Sum X,
;

) If appropriate flag,
‘ PROD " »

Set x, - X (initial)




[ PROGRAM MEMORY (LIST)

|

STEP CONE KEY COMMENTS STEP CODE KEY COMMENTS
AR s
A
e ) C_ If not end of loop.

- L o s - continue calculation

B
| Hroere
{;’ sons

i
1
T

R -= L If end of loop.
R N print "END"

[ IR |

[
!

R - ¢ [Tlabel A" T
R -2 2 TE b Set flaa to pagltinly

. ; _ '7 o ‘X FO" ?r‘[\(‘xl,,‘

|
1

- FLabelvé'.

w 1T

i
o

S o2 TE b Set flag to myltindy ( |

oS o Tep Ix for RIG |
oo T S S
o= TeLE L Label C'.
oo S !
* - #: Set flaa to multiply !
" ST . ;'Z v for p((,{
é - . _: Label D'.
PR i
- J

: T Set tlag to l'u]fi[»]y [
R o e b Tk for B f.{ i
|

GRS S R R S




Change
B15 79

BEEE onA AP-550 CONTROL At

ITERATIONS 1l {(1a RST, R/S, Input; 1b, RUN)
R15 R16 ] R17 J R18 nn - CALC.
] , : UL
R10 R11 [ R12 | R19,R13 | R20,R14
DESCRIPTION:
Al Objective

This magnetic card program also proviages tor andltipde calculations,
varying selected inputs. This program more closcly matches the CROMs oot
routine than does [terations 1. Here, rthe variables are specit bed coxact by,
and need not vary by some fixed increment. For examule, yield can tase oo

values of 1, 10, 50, 100 and 500 KT. Wwhen the program is sclected to o,

it will perform the selected calculations five times - once for cach il
To obtailn the results of these calculations the calculator must be ot toched '

to the printer. If not, the program will run and simply display the resalts
of the last calculation, All others will have been run but not recorded

or stored.

Up to five different variables may be given multiple valuces.  Whoen
the program is executed, all possible combinations of the valucs will be
uswd as 1nputs for the calculations. The number of calculations jertormed
rises quickly as more variables arc given values. Assume that five dit-
Yoront variables arce cach given four different values. The calculator wil
then attempt to perform a calcenlation for all the combinat ions, which

-
b - .
vuals 47 or 1024 calculations.

This large number requires a long calculator runnhina time. NS
those calculations are necded, 1t is recommended that the dser time o
1
fow o caleoulations to determine when the calculator will stop. Ttors pr e

.

o select only those values necessary for the aramoetoer stoady son theet g
7 M M 2

carculator will run for a reasonable lenath of time.

The program i1tselt s divided into two ports: card side Ta us e
tooo set the variable inpute, and card side Ih s usced to gt the i -
tional tupmats reporred to run the calonlatrons, Whoen s oo 1o read 1o
the roachine, the gner anputs the roagrstor qoambeer (a0 A he o b bers s

Py it g e b e e, and the raliies chiogern, R U S S A ATE DU ST RO TR S ST
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the machine; at that point, the procedure for entering data and st
the calculations is exactly the same as for normal CROM operation.
B. Inputs

The inputs required for any scries of calculations are thosc
in the main body of this document, which also describes the limit
by the CROM calculations.

FFor those inputs which will take different values in the cour
these multiple calculations, the user will onter, in response to
by the machine, the storage register number corresponding to that
The card face shows the required register number{s); i1t Is shon

artingg

aivern

s ]v]'wl',(fh'".i
S 00
a "prooga ™

Sariahiie

key position at which that valuce is normally entered using the CROM's
universal input routine.

Note that keys D and B sometimes accernt two Inputs. It two Inputs
(coa., VN, k) are nceded, the valucs will boe stored at the respect e
roglster numbers. As an example, if VN oand ko owere onteroed at ey D, o
would be at R19, k at R13. lHowever, 1i{ only one input is nccdod ot ke b

or b, the rearster number corresponding to that input is the one
(tor key D, RI3, for key B, R1IJd).
. Lamits
Limits arce imposcd by the CROM on any given call. When a lim
cxceoeded, the oscocded lTimit is printed with an error and oxeosut |
that particualar oxanple terminates.  Control returns to the 1oy,
rrocrar, which will resume the enercisce with the nest co=aruile.
. Seneaal Instructions for Data Entarey
. Poadt o sidde Ta of card
. Proess RST, then RS, to bhoagin date oot
) reoresponse bo g prompt (CRFG,, et e o rrater o o
Yor tirst trrab e to o bhe assionnedd roa bbb le oo o,
Cress ok
1. Attoer promgt DUTE s, onter U he maenbeer o alren to )
iss et hat rrabi e, ress b,
. Abteer paroamnet Cor ol o B I Y PR RS L I oY o L b
boakoon, Preess @, Repoat oy oopd R
16y
e - [ IR R R i § s

[ RS




6. After those values are entered, machine will prompt
again (?REG) for another variable. TIf another variable
1s to be given multiple values, repeat steps 3, 4, and
5 for that variable.

7. When all multiple-valued inputs have been entered,
press CLR, read side 1lb of card.

8. Turn to the section of this document that describes
the calculation being performed, enter the indicated o

inputs and initiate the program by entering the appro-

priate a.b code number with key E'.

169
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EXAMPLE #1:

Calculate the weapon radius for a 10P3 tardget using the iter.a-
tion control program for the following combinations of Inputs:

Yield (KT) = .4, 1, 4 HOB = 0, 750, 1000 (ft)
NOTES:

1. See card image at the becginning of this description for an
association of registers to keys.

2. Side la. automatically repartitions the calculator to 239.89
for the variable input values. Side 1b. is recorded 1n this
partition for program execution. If side 1lb. is allowed to
run to completion, the calculator is automatically reparti-
tioned to 479.59 so that side la. can again be read. 1If side
lb. is stopped prematurely, an on/off sequence or manual
repartition to 479.59 is necessary to recad side la. again.
However, any side, once read, may be exercised over and over
without partitioning difficulties.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 ) Turn off, then on 0.
2 Read side la only 1.
3 | Begin program. RST 1.
"1. LOOP" indicates that the R/S 1. Lok
calculator 1s receiving inputs for 10.2 ?REG

the first loop. Yield normally
enters at key A, which according to
| the program card is Register 10.

; Only a register from 10 to 20

‘ should be input for the prompt
?REG.

4 [Enter loop 1 register (yield).
(See note 1)

10 R/S 10, RLG
, , 41 0TS ‘
'PTS asks for the number of loop
1 values. The 41 in the display
indicates the maximum number
allowed. Yield has three values
in this case.

fnter total number of values for
loop 1.1 - PTS < 41 3 R/S 3.1 '

82

6 Enter first yield value, PT 1 A R/S L4
7 Enter second yield value, PT 2 1 R/S

8 Inter third yield value, PT 3 4 R/S

9 Now the printer indicates that e
loop 2 is ready for values. HOB 10.2 PREG
35 in Register 11 from the card.

B o — b oo o JOR |
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S

EXAMPLE #1 (continued)

[ STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
10 |Enter loop 2 register, (HOB) 11 R/S 11. REG
The 38 which appears in the display 38. 7PTS
indicates the maximum number of
values which may be entered for
PTS.
11 |Enter total number of values for 3 R/S 3. PTS
loop 2. 1. T.OPPT
12 Enter first HCB value, PT 1 0 R/S 0. PT 1
2 2. ?PT 2
13 |Enter second HOB value, PT 2 750 R/S 750. PT 2
3 3. PI 3
14 jEnter third HOG value, PT 3 1000 R/S 1000. PT 3
¢ 3. LOOP
: 10.2 ?REG
' 15 |Press CLP. Read side 1b. (see
note 2.) The calculator now acts 1
as though in Pgm 01. CLR 1.
16 Enter VN 10 D 10.
17 |Enter k-factor 3 E 3.
18 Initiate calculations 2.4 2nd £ See Printer
Output




PRINTER OUTPUT FOR EXAMPLE #1:

]
!
T

r
T

172




PRINTFR OUTPUT FOR EXAMPLE #1

(continued) :




PARTITION FLAG COMMENTS FLAG COMMENTS 1
0,1,2,7,9 Used by CROM
AUTOMATIC
LIBRARY MODULE
CROM A-1 ) |
1
DATA REGISTERS FOR EXAMPLE LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS
; Program n.m
. ) Side a
- Pointer registers;
> Parameter Toop
j also used by CROM B Data point 1oop
; : |
J |
Side b f
i " Unpacker
\ e e ‘Initiate calc.!
\ 5th parameter |
| - 4th parameter |
J - =|3rd parameter |
‘ i . _ 12nd parameter !
| .U”‘V?VSé] 1/0 A Tst parameter |
L s reqgisters - ‘
| J J
| |
i 5 !
1 E Universal %
R — 3 1/0 |
| |
) 1 ) !
. \ Used by CROM ‘
| : |
| | |
|
j | |
| ' \
! |
[ Temporary storage
| ‘ |
| I
| |
‘ ) RIA-R3 }
| | Mpinters toreqisterd [
E ‘ for parameters to 7 ‘
‘[ vary L
R SR R S
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DATA

REG.

COMMENTS

|
\

R39-R44 .

Starting location and number of
values for each of five parameters

PAG- G

Values that parareters

in increments

+

|

AN




SIDE 1a

STEP

CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

STEP CODE KEY

COMMENTS

Start

Pointor to startinag
lTocation of fipst et
of data

Murher of free data
noints

Repartition

Sainter to reagister
<ty inag number of
points and theiy
nointer

Pointer to pointers of
registers to increment

Loon counter

Label xz.
Begin loop

Pointer to data points
to be stored

Data point counter

o

I R ]

I

LI

Vo,

L T S

v

(.

“Logp

“?REGT

%}O:anqujéplﬁy_ o

| Read ith register
i
|
i

Store pointer to ith
register




PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

2ET ‘ a7 T
SR KN S EE
A A Read number of data e
I N points that are assoc-| 3¢ =
R - T iated with ith regis- S LA
L e ter S
_— ~ j Counter to number of - :
- LT LT data points =T oz ‘
_ = _ = = Calculate alphanumerics
A s TE for "PT L"
, . g Pack information .- [F k
Ry : -2 ot [TRead ith data point
N Store pointer to start-| I:= IoET-
iz RIS ing location of regis-| I R
- R ters for next set of T - = IF

zs R data. . i
L e A S
e T - - Loop for data point

T A I '
e o 5 - o Loop for register loop
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ST

I

EP

PROGRAM MEMORY (LIST)

COMMENTS

e

Ve

CODE  KEY COMMENTS STep CODE KEY

SiozE VEND"

Lo b

|
1

178

| -

it T RO F R - e

C N e e e e




SIDE 1b

PROGRAM MEMORY (LIST)

KEY COMMENTS

STEP CODE

KEY

COMMENTS

VL

[
N

PRI

' .
R U

Ly

STEP CODE

TR

o1 |

1

Pl i

COTEE

(T v 3

o

8

E Label LNX. o=

£ Label INT,

Unpack number of points
in nth Toop
“- | LABEL E'. start calc.
:; Pgm n.m.

i Set up fifth looping T
= register ST

T- Store data point of o
[ fifth loop R
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ooy

I

IO

R TR VI RTINS
|

U T v
"

T i
P

o

P e Ty

[

e

Tt

Label CE.

Set up fourth looping
register

Store data point of
fourth loop

Label CLR.

Set up third looping
register

Store data point of
third loop

Label 10G.

Set up second looping
register




KEY

PROGRAM MEMORY (LIST)

COMMENTS

STeEp CODE

KEY

COMMENTS

STEP CODE

S . Pt

N

A

SR

SRR I
o1

Store data point for
second loop

Label CP.

Set up first looping
register

Set up data point for
first loop.

Preserve R12

Call Pgm. n.m

l Restore RI2

|

1

i S A

s

1eT et ot o,

1

VI T

U 0 T

—
I

R R R

(DN

[ r H "‘ T
4T e

Innermost Toop

Second loop

Third loop

Fourth loop

Fifth loop

CEND

Label A

Store 10

4
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COMMENTS

PROGRAM MEMORY (LIST)

KEY

COMMENTS

VT

Pov it o]

[ R

TR
1

P

LabeT B.

Store 11

STEP COOE

Label

[en]

Store 12

Label D.

R19
R13

R13

Label E.

R20 = R14

R14

o
Pas

Label A',

Store 15

LabeT B7. 7

Store 16

Label TV,

Store 17

Label D'.

Store 18

e e n




APPENDIX C: ITNVERSTONS

VNTK Weapon Radius Inversion for vield
Personnel Wecapon Radius Inversion for Yield 1

Cratering Scecond DOB Calculation
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1-6 .CALC :
YIELD HOB WEAPON RADIUS VN k-FACTOR ‘

i
VNTK SYSTEM YIELD CALCULATION |
: o !

VNTK SYSTEM YIELD CALCULATION

1: YIELD, P—Target 3. WR,P 5  Opt HOB, P 1
2: YIELD, Q-Target 4: WR, Q 6: Opt. HOB, Q

DESCRIPTION:
A. Objective i
This code inverts the AP-550 CROM's VNTK program (proaram 00) )
for yield (Y), given a height of burst, a weapon radius (WR), o
vulnerability number (VN), and a k-factor. Inputs arce entored i
with keys A-E, and a calculation is initiated by centering one
of six options {(entered as an integer between 1 and 6) with key
', The six options arc: f
1. Invert P-target weapon radius calculation for yield.,
2. Invert O-target weapon radius calculation for yield.
3 Calculate weapon radius, P-tarqget.
4. Calculate weapon radius, QO-tarqgoet.
5 Calculate optimum HOB and maximum WR, D=taraet.
6. Calculate optimum HOB and maximum WH, O-tarqget.
The weapon radius varies relatively slowly with heiaghts ot by
Lelow the optimum heiaght of burst. For this reason, a diroct
inversion of the calculation for the height of burst Gonet e - |
ful and has not been 1ncluded. Instead, the CROM calonblation of ! !
the optimam heitght of burgt may be uscd to indicate *he apgeen ‘\

limit of desirable hoilghts of baraot .
. Input s - (mt}:ut,:;
E)

Inputa: Yieled (KT)Y (exeept oo 1ans ] g 2o
t t

HOB (tt) (except aptions S oand 6




WR (ft) (except options 3, 4, 5, and 6)

VN
k-factor
Outputs: Yield (options 1 and 2)
HOB (options 5 and 6)
WR (options 3, 4, 5, and 6)

C. Limits (appropriate units are kilotons and feet)
Yield: 0.1 KT < Y < 30 MT (options 3,4,5,6)
HOB: 0 < HOB < HOB (options 3,4)

- - max

l where:

HOB - 2308 yl/3
max

HOB
m

exp (-AJVN/15), P-target

the minimum of: 900 Yl/3 ‘

ax  ootarce
2308 v1/3 exp (-RIVN/15) | Q-target

It

0 < HOB < optimum HOB (options 1,2)

1 .
} wre (0.1)Y3 W, < wr 2 (30,0000 W,  (options 1,2)
where:
wl scaled weapon radius at HOB = 0
W, = scaled weapon radius at optimum HOB
VH: 0 < AJVN < 56, P-target
0 < AJVN < 34, Q-target
k-factor: 0 <« k =9
D. Data Storagc;}ocation§iﬁf§jﬁﬁ;@;;@{gﬁgﬂpmpfjfgi
Va rrl; ables Rex .J,,i sters Al >hg_n}1mf T ics
Yield (KT) R10 Y
HOB (ft) R11 H
Weapon radius (ft) R12 W
VN R13 \Y
k-factor R14 K
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EXAMPLE #1:

Find the yield necessary to produce a weapon radius of

15,000 ft, for a target with a VNTK of 10P3. Assume a surface

burst.
STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 T
1 Turn off, then on 0
Z Read sides 1, 2, 3 of cards 1,2,3
3 Inter height of burst (ft) 0 B 0. i
4 | Enter weapon radius (ft) 15000 c 15000.
5 | Enter N 10 D 10. i
6 fnter k-factor 3 £ 3.
7 Initiate inversion for P-target 1 |2nd E' 1. i
10. V
3. ¥ 1
0. H ]
15000, W ]
Read yield 1170. 1170. Y
8 | Verify that this yield will pro- :
duce a 15,000 ft weapon radius 3 (2nd E’ 3.
1170, Y ]
10. Vv
U. K
15000, W
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EQUATIONS

Definitions

Y = yield (KT)

H = height of burst (ft)
WR = weapon radius (ft)
VN = VN number

k = k factor

Yield inversion (calculations 1 and 2)

Using -, Xgr @ and p as defined below (equations 23 through 31)

calculate first guess for Y = Y1 as follows:
AJVNO VN (1
9 = . calculated using AJVNO {equations 23, 28) (2)
. _ 3 ,
¥ = (WR/ «() (2
Adjust VN using cquations 18-22 and Yl as yield to get Z\JVT\Jl (41
R ci.lculated with AJVNl (equations 23, 28) (5)
. 1/3 -
‘/‘41 = lel (6)
L, = (WR/ )7 (7)
Arljust VN using cquations 18~22 and Y2 as yield to got AJVN, (8)
L calculated with AJVN? (cquations 23, 28) (9)
1/3 R
o= Y 0
“2 2\2 (10

)

) e
N/ s T m o (i)

Improved Flrst quess V) = OND| == o m s s e
0
n —,‘"’
2

1

ORIV N




\"
1

Adjust VN using cquations 18-22 and ; as yield; and (12,
calculate
1% 3
H . 1/_)
= 1S (& T TN o Y !
Wl 1*‘1<X v l/3> Y (!
01

< WR 3
Then Y, = <;¥> Yl = improved second yuess (14}

- W

1
Adjust VN using equations 18-22 and YZ as yield; and calculate (15)
P
H 1/3 ‘
W, = + —— ; s
V2 ol 1 a<x 7 l/3> ')2 (16)
0°2
i W W ,
-n(ﬂé rY, ~ ‘ny—==/-nyY

Finally, Y = cxp WR 1 W 2 (17)

B

NOTE : If K-factor = 0, then calculations begin with equation (12),
with AJVN VN.

Adjustment of VN:

For P-target, AJVN = VN + 11 nx (19

where

2 1/2
/
L) k_(zg)”} i ENELI R I x| N,
ST 2 10V Y ( 2 10\y 10‘
For O-target, AJVN = VN + §.2.nx (20 1
where
1/3

18R

| P L
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For

are

:-:O
i'—ta

f =

R -

"0

[ S

ta

oal

mot

I
10 Vv 10

raoet
Crp(7.63 - AJVN/6) + oxn(7.37 - AJUN/16)

Cxp (6 + 52 = VUN/LSLT)

o w4
S L6 - AJVN) for AJVN

o
o

1890 + 31 (26 = AJVN)

)
-

—-- tor AJVN - 26

[R]

LHrexp[=02393ATJVN + 9.5 . n (. 393AJVN) =~ 3,39
r-iot

[oxp (133 - 1.82AJ0VN) + oxp (128 - 1.4AJVN) ! L

2 g T o AWAN

lesp (=, 24a0vi) 172 V960 - 410 R Le2ind
|+ ooxp (L2700
1 ;

[L+ (AJVYN/33)

culations 3, 4, 3, and ot usc the samne oot

e CROM (program 2).
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PARTITION FLAG COMMENTS FLAG COMMENTS
5649 0.1.2.7.9  lUsed by (pom Set i ta-
. - ¢ e ot
| AUTOMATIC ! Flags first |
i | accelervation ‘
’ LIBRARY MODULE | 12’ 5/1!:”]“1 - |
‘\/ lr‘(: )’
CROM AL
; 1
|‘ OATA REGISTERS FOR EXAMPLE LABELS |
| DATA _ REG. COMMENTS ~ STEP CODE KEY COMMENTS
~ S0 Gt index (nsed By CROM = o rate. oo
E - L= Fitker's acool
o - Used by CROM = Cale. roeer 4ot
- - - —— ’{" N ‘:/t ".
- = "/ o - o s T
- - = | fdiusted to VID (by CROI - e s
w = »: ‘l’l { ) A B " ( [
- - Wy f s :
YA i . oo +
- “l“r;'_) Favis i B _ )
'Y‘(da finally calculate N -
) HOB
- otk
E Y ‘
Lk factor :
MR (temporary stovace) “
- »"f% Lsed .
o ‘ |
| |
L J};
- Hiastrent no Yty con-|
PP - trol program; H
- Coper Timit for U 1
i
\
|
! |
! i i
i | H
S S _ L - _ oo i
s




AD=A095 830

UNCLASSIFIED
3w 3
"R‘sim

HORIZONS TECHNOLOGY INC SAN DIEGO CA F/6 18/3
NUCLEAR WEAPONS TARGETING» AP=550, CROM Aler REFERENCE MANUAL.(U)

ONAOO1 -78’(2-02“1
HT!-R-79°125 DNA~5277H




PROGRAM MEMORY (LIST)

ST

COMMENTS STEP CODE  KEY

COMMENTS

g 7O

End of routines e s

R
r

Label B',
Calculate a-2
Flag 4 set = Q target

A kA T A

P-target o

acceleration

N

[ RO N S & B B

Label A',

Subroutine to calculate
guess for Y and assoc-
Tated We

Adjust VN

Flag 3 set for first
accel., reset for 2nd

Full WR calculation

Calculate o

Label D',

Adjust VN with present
yield

k

Calculation of Y'l/3

p target

191

(AP S SR PIN

~4




PROGRAM MEMORY (LIST)
COMMENTS STEP CODE KEY COMMENTS '
Check and print calcula- !
tion number
Initialize for ST*00's
in yield inversion
X
!
j‘
' 1
[ |
_t ¥
Label A, Set flag 4 if even
(Q-target calc.) 3
Input ¥ |
Label B.
. Repartition i
Input H H 3
3 Pemove input WR to safe ) 3
: place ‘
Label C, 3z
Input WR A
vi . .
(35eT ield inversion
B
Input VN . ;
R00 = 2.4 to get CROM -
z to tranfer to Pgm. 3,
T - Ry = WS expected by '
=2 Input k = 02
14 ar = CROM.
=2 KETH Ja 4 %
-2 LEL TTlabel E'. TTOGE
LIORT Enter calc. number to SIS g caleud iy
=% RAIY | begin. Iroopy pro galtwiation
53 IHT xT IFF
5z zjjr g qu WR optimum H calcula= :
A T, 2 tion ’
25 LCLFE a1 0o ]




PROGRAM MEMORY (LIST)

COMMENTS STEP CODE

COMMENTS

S I IR | I

WR, optimum H calcula-
tion for Q target

CS N RN WY W L ]

N W

WR calculation

Lt 1L

[

Yield inversion

TR e G e

AJVN0 = VN

L W RN ]

w [ e s ;-—I [

SR i RO W

D]
m

el

Calculate Y

;:'":I g

B R N |

Skip first accelera-
tion if k =0

ALy I =RV &)

Dal}
Ul B e Nl

-] (T

e T D

R i Y

O S T N e N N A e e L L,

In

H2’ extraneous l'Y3“
Acceleration

Va0 Ll
[ ]
bt -
[n ' o |

T 1

oy
i

-
i

XK

—d
) M -

T L Fa L

-

Reinitialize R00
for indirect STORES.

(]
'
|

T2t B T T Food ok Tt Bt Tt Tt Tt Tt Bl Pl P Tt P P P P P B Tt ot B Tt Tt B Bt Tt Tt Tt Bt Tt Tt b o) [l [ b bk bt o b ot o s

DY}

£

By DU | IS SO PR L S

i

-

R Y WA

by

DY ]

O] vi‘lj Lot oo

-

-
4
24
= 4
=4
IR |
-4
-
=9
=
2d
i
o
o
=4
.
2
= 4
o4
o
25

LY W D %
N C T )

TN N enen
URDY RN IS 6 ) [

*Rio

LY e

2 T Tt P P Py Ty Tor T T T

Bt}

[=x

i

Ty

4

= ]
- 4=
= 45
-7 4 =
= ' g
=2 15
= 2=
o7 47
& -
= sz
[ A,
o= i
4 ke
2= a%
zaz 4z
ST
=En Oz
a4 04
aoE oD
=] i
= T
Pl -t
- o
= 43

+Final Y

e T A 00D

RN |

"'|:| o4

o

S o S W T LI

ke

L s | l.:T'- 4;:;. 11

Al
Fos [

L]

c
]
=
.
s
ol
-
T

e el

o

S DR

[}
et
[ 3

T b,

D

™ -

A

Adjust VN with final V¥
Calculate «-2

+Q-target

AJVN

=>

max

{é%z}ﬁnx

Upper 1imit for VN

Put WR back before
getting stuck in
T1imit checks!

n vll
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PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE  KEY COMMENTS

[
[&X]

(30,000)1/3

[

OO B

]
t
3
]
]
]
]
]
2

SUM R, = ala+l)-2
oo

Lan I )
3
[0
>

o
-
—
[0e]
.«
A
=
>3
>
S~

i
i

e
wornide

Print yield, rounded
to 3 digits

Lo

i
0N O n

llkll

&
G
i
i
&
£
L
R

DAL I Nl O

4

YN
] T

T T T O LA R on
Nl

2 )
-
it

T 7

Calculation for yield
inversion, limit
Achecks, Q-target

b
w1

r =

[ R R
[ |

Ty s K0 000

Hopt

o

-
it

LI U

i

Y
b Caly a0 0 0 0 e e o

ala+l)

m

I

Iy Zes SZTO
+ TET i
= e SRS i 3 AJVN max
= SRS g 3
W T IT0 &1 GTO
PG Ecl B b e
= A | [ B,

W]
[y
m

LU M
e
4

[ 22

Part of Label B'

] ] )

Do}
[na]
XA

13 E} ITE
= T 4 g =74 az
5 L2 AT o-target
2 I2owiT JrE i compensates for CROM's
g T, SO0 Ei < adjustment of WR by
3 ag4 . srm Fa = 2vi/3
3 O & 1/3 379 47 =570
g ;é ; (.1) IED 04 D4
3 3% RCL IR 32 RTH
= I Z 4% PrD [part of LabelT O
1

G I

()
[}
p—

(Q-target

DI )
+

'-

x
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PROGRAM MEMORY (LIST)

STEP CODE _ KEY COMMENTS STEP_C
354 34 T4
: |

COMMENTS

m
x
m
<

=) T 0N B QI

VN adjustment

L At s a5
'

] [ e | S
]
--|
ra

EEEE 5 =1 |AJUN
3 3 RC 2 RTH

IFF |Part of LabeTl AT

n 4
]
I

N
e

2 (Q-target WR caic.) 1

U e A Jee

oo

X
B R I | I
LN e

o Ty 0T T a0 ©

La Lal 1 1)
i)

Calculation of P-target

)

|'£| L1

| A |
o o fo o
L.
et

3 St |WR, adapted from CROM 1

A

. F
at T
Joo o e e

DR S =%
A

|
oy
o o
-y
T v TS

ot [

et e e
Tt

L

o]
T fe o
|
ORI 1 I S ) RS

(%)

.~

-t
o

X

ST

10
)
el
pm
1
o

s RUC (I

o
[}
I
D]

.
[}
forh

DO D)
|
o
N

LRI O S R A SRR

I
-

TR LN LN RO N N

T
st I LR | BN RN SN

Lo

Dol

w2
}

T T

(] 0
I
I Ko 0 P e 70 00 U

wr g DT

~d (T

=] (T
LB W LY I ORI U 3 IR B B O R B B T e R

&
[

I L) G O e

R A S A

X WIT g 23 LMY
411 3 S
412 < a oo 3
i 413 03 2 £ e
, 414 54 £2 0

Ty T
DU S ] B

s
ORI LR SR SN SR A R CRR A Y AR A U U <N QNN RN SN N O A RN SR ON ORI RN 5N
[n}

¢ 417 ROL £ .
A d1s i Ee: -, i i
; 41% 35 = |x 67 I3 uE
' 320 23 LH £S 25 =
421 &5 s ES D4 4o
427 43 % SO EzOIHW
473 93 . 71 I3 LMY
424 Oz 2 T BS54
475 25 4 73w
428 43 BXHLC 1 740 D5 6
43T 22 22 (R, « {31} anx I
475 42 =70 : S5 42 =TO [P |
423 03 03 -1/3 R T N
470 43 rel [Roz <Y 78 43 RCL :
431 13 12 s 21 21




STEP CODE

PROGRAM MEMORY (LIST)

COMMENTS

STEP CODE

KEY

COMMENTS

]

00
|

20
S I S ) B S N N

LRI R R R A N A O A T e
O w R WY WY W W Y N & ) O "

non ~h .;-: S o8

L]
()

e’ |— ane
v -
N B GO T b

NN
L]
(]

i
[ i)

=4 }‘l""-

(IR S IS 5ROV IR

VLI e L

ORI el R W 0 B

B SR N e e sl S S
J

O TR WS O ) B O Ly IR W ) Ry T RO RV RO RO ) B

i I OO R T |

[0 XN KN N

EL

S
Oz
-

7t e

P e I R B e

1 0.0+
DR O RV ¢ I I SR )

DRI IS

.}

PO T TR SR Y Y [N S R

Lo
[ RS S SR R I SO IO = Y WY O ) B B N CIET e b Pl (8 [l o) o S0 000

] Tl e

[ N S & S

R 0 S e Y N e

R ek I SRS

i

T T

DX O
[ D) S

{1

el
L
T

m

it
e |

ET e 0

o

AT

i
g

Ao

T

)
P 1

sl o I ) B T i Y R

|
LR
Ja b

[ N %]

sl RN B £

m
Al
r

o
‘-’ -

xI>

opt

p

x

(o)

ala+l)

Finish off WR calc.

g N

R e Y

R T B

3 Y
LN LA

[ N W ]

4
3
4
4
=
c
o
]

OO

FGH
oz
ZBEE

fi

el
e

(IR I | I e A K

Q-target WR calc.

Entry point for first
guess Yq
WR

Y = HB. 3

Ros °" Rog

New Y
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BEEE onA AP-550 CONTROL A1 mHmi

PERSONNEL VULNERABILITY YIELD CALCULATION
. WEAPON
RADIUS
YIELD vty ENVIRONMENT ~  YIELD

BN ona AP-550 CONTROL A1 Hmi EETE

PERSONNEL VULNERABILITY YIELD CALCULATION

Side 3a for HOB=0,
Side 3b for HOB=near-optimum

SOURCE OF DATA:

Defense Intelligency Agency, Physical Vulnerability Handbook-
Nuclear Weapons (U), AP-550-1-2-60-INT, June 1, 1969, Ch. 4.

DESCRIPTION:

A. Objective

This code finds the yield necessary to produce a specified
personnel weapon radius for the twenty environments listed in
section 4 for the surface and near-optimum HOB cases. The
accuracy of this inversion of the CROMs program 04 will
generally be within *5%, although there may be a few areas

with errors slightly larger.

The program uses two cards. The two sides of card one are
read into banks 1 and 2 respectively. With the other card,
the first side (marked 3a) is read into bank 3 for calculation

of the surface burst case, and the second side (marked 3b) 1is

read into bank 3 for the near-optimum HOB case. r

For convenience, one can also, with this card, exercise the
CROM Personnel Vulnerability calculation in the forward
direction (i.e., finding WR, given the yield, etc.), without
having to call Pgm 0l. That calculation is begun through key 2nd
E'; done in this way, the environment number is retained for

successive calculations.
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B. Inputs - Outputs

Inputs: Yield (KT) (for calculation of weapon radius)

HOB (ft)
Environment index
Weapon radius (ft) (for calculation of yield)

Outputs: Yield (KT)
HOB (optimum) (ft)
Weapon radius (ft)

C. Limits ‘
|

Yield: 0.1 < Y < 30,000 KT 3

HOB: 0 < HOB < 1000 v1/3 ft 5

Environ- ?i

ment: Env. = 1,2,3,...20 (see section 4) i 1

Weapon :k
Radius: (limit is environment-dependent; maximum weapon
radius corresponds to a yield of 30,000 KT, and

minimum weapon radius corresponds to a yield of

0.1 KT.)

D. Data Storage

Variables Registers Alphanumerics
Yield R10 Y
HOB R11 H
Environment R20 E
Weapon radius R12 W

198




[— T P e e e

EXAMPLE #1:

Calculate the yield that produces a weapon radius of 20,000 1§
ft. for the near-optimum height of burst case, for the first

environment category.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

7 Turn off, then on 0

2 Read both sides eof first card,
and second side of second card (3b)
(first side is for surface burst

case) CLR 1,2,3
Enter environment category 1 C 1.
Enter weapon radius 20000 B 20000. [
Initiate calculation £ 20000, W ,
6500, |
547. 547. Y ‘
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EQUATIONS

The inversions for yield are done by fitting a cubic inter-
polating polynomial through four values of the weapon radius
curve around the point to be inverted, and inverting the polyriom-~
ial for the desired yield. The values for the interpolating

polynomial are obtained from a lookup table, as described below.

Each of the data registers 30-47 contains (in packed form)
weapon radii at every decade of yield between 1 and 105, for
environment categories 1-18, respectively. Data on the first
side of the second card are for surface bursts, and data on
the reverse side are for optimum heights of burst. The weapon :
radius for Y = .1 KT is obtained from the lookup table in Program 4
(and is adjusted to yé (adjusted weapon radius) in the optimum HOB
case), thus providing information for WR for values of rog Y =
-1, 0, 1, 2, 3, 4 and 5. Four peints that "box" the desired
weapon radius are chosen, so that two are greater than the

desired WR, and two are less that the desired WR.

T
! !
! I
! |
Desired WR + : —
I I i
! 1 1 '
/:/ : | | |
! ' ' 1 ' !
! ' f | ! e
-1 0 1 2 3 4 5
Log ¥ =y

These four points define a unique cubic polynomial,
which is set up as described below. Once these four points
have been obtained, an approximate solution to the cubic
equation is effected by first setting up a quadratic equation
that interpolates the first three points on the graph, and L
inverting it for a "first gquess" at Y, and then expanding the
cubic polynomial into a second-order Taylor series about the
"first series”, and solving the resulting quadratic equation.
This approximate inversion to the cubic polynomial is suffi-
ciently accurate so that there is no significant deviation from
the true solution to the cubic polynomial. The polynomial

itself approximates the data to : 2%, except in the transition
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region around Y = 10 KT, when it gets as high as 4-7%. This
gives an error in yield of =~ 5% normally, and = 20% in the

transition region, in some cases.

The equations for this procedure are as follows. (The

cubic polynomial is in fog-i0g space).

Calling the four points along the abscissa that box the
desired weapon radius (in fog-tog space) Y_q+ Yor Yy Yoyu and
the corresponding ordinate points ij WO, wl’ w2, then the

quadratic formula that interpolates the first three points,

—_— 2 —
fqu—yo]— ag ¥7¥q -+bq Y=Y, -+cq (1)
has coefficients
a = w  +w,-w (2)
q  2My T T W,
= 1w -
bq = 2(Wl W_l) (3)
cq = W0 (4)
and the cubic interpolating polynomial,
£ |y - - —y. 1P+ b y-Y.1° 4 - +d (5)
cl¥ =Ygl = 35 (¥Y~Y¥q | cl¥ =gl * Cel¥T Yol Tdg
has coefficients
a =1 w, -3W, +3W_-W (6)
c T 6N 1 0o~ "-1)
_ 1 _ -
b = 2M_p H W) Wy = 3y 7)
c_ = l;—zw - 3W,+6W. - wW,) = l(w - W -a =Db -a (8)
C 6 -1 0 1 2 271 -1 C q o
= = 9
dc W0 cq (9)
pa dcicndBB,




It is convenient to express these coefficients in a slightly

different form:

let v = Zaq = 2bc;

~ _ . 1
Sy o= 3ac = (y+~p)+-§(wo-w2)

Calling yq the solution to the quadratic formula, then

2
-y = 2 N/EEY - Alasw)
(yq yo) ¥ * sgn(,)\/( Y ) Y

where W = LnWR

and the cubic polynomial Taylor series expansion has the

form
qy-yqr=qu-y0)+nyq—yM(y—yq +

2

o) —

f'qu-yo)(y-yo)

Where f' and f'' are the first and second derivatives of
f, respectively.
fr{y N
Let r = ‘f..._q:.)A = __9_(
[ Yq)

dyg+y)+;3—%/3
(26yq+ ‘y’)

|

Hh

Then using the approximation of (16),

_ /'2 2(f{y ,—‘W”)’
- = -y 4 28y 4 -
¥~ Yq) = Tutsan {2y, 4\Wf T ]
q
which gives the final result,
vield = 10Y
202
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(17)

(18)
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If W ~ We {= «n WR at yield = 104 KT), then the yield is
approximated as
¥ 1/3
exp (W-Wg) = (—~Z)
10

or

y = 1o4exp[}3‘wf-W)],

setting as an upper limit on WR

_ 51/3

exp(w-wf) max

> WR = exp(wfa-%£n3)

The more accurate approximation calculates a weapon radius

given this value of Y, and calculates a new Y (Yield) as

Y 1/3 WR
( new =( new)
Y WR ’
or
(Bac ’
(Ynew)= Y WR

The last two categories can be inverted analytically for yield:

-1
WR = [é+—a(Y-—b)P] (see Program 4 eguations)

or

203
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(21)

(22)

(23)

(24)

(26)
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The coefficients a,

a, p and b are packed in registers 48

and 49, as:
Class 19 Class 20
HOB = 0 HOB = optimum HOB = 0 HOB = optimum
r tx10%7H 110 679 1.0 502
10°a 73 61 57 46
p .445 .445 .462 .462




R RO N S

RO IOU N KOV R R

Environment type

# _ﬁmﬂh . ] i W T
PARTITION FLAG COMMENTS FLAG COMMENTS
559.49 1 Suppresses

CROM printing
AUTOMATIC 2 For short or
long calcu-
LIBRARY MODULE Tation
CROM A-1
1
DATA REGISTERS FOR EXAMPLE LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS
- . mms o= e |Retrieve data
i Subroutine addresses -z =~ : |Retrieve RO2
-z digits
= 10 S5 |emX
1E "’f(X ,f'(X),
SR AP
. s |quadratic form
S 1
_?' E WR->
co | E~>
B [-WR
2 = print output
10| vield LEORY
il =0
12 | Weapon radius
L Address for environ-
1 ment-dependent coding

205




PROGRAM MEMORY (LIST)

STEP CODE  KEY COMMENTS STEP CODE KEY COMMENTS

S vds o Entry point for calcu-
o End of calculation R lating f''(x)

Label C'. Retrieve data
for environment E

[ WO O T

Label D. Quadratic
T formula, to invert for
+ X

[ U TETE TR OO T O S W B O

To e 0 T Lt e 00 P UG T i T s B
RN

- = 2 x

P T

Data table for relevant| e
environment i
Label A'. Retrieve RO2
digits from register

T
'
—
—
—
>
~—

1
it b U B Tt e U e U U G U e O Dot T vt e ) e et

13,
¥ (data unpacking) :
;; Label B'. %
5 Calculate e™* %
e Label D', Used in
= calculating f'(x)_and - ,
=3 f(x) (where f(x) is s Sgn(f--(x))=sgn[flfx)]
23 cubic polynomial) == £ (x)
- : s [ Label A. Enter Yield
Gin 23 FrL - ot 1
T4t T IS X ~ Label B. Fnter weapon
T =+ i o radius
DaIo-D FiL -z
Cde 530 SR Label C. Enter environ-
04T 24 E as 13 o ment type .
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Y

PROGRAM MEMQRY (LIST)

COMMENTS

STEP

CoDE

KEY

COMMENTS

STEP CODE

NET

- - -
-
Palng
P
il

.. "l
JATe o I Jo b [ b 00

=
FO
E
- =
R
L
=
PR
PR
ol
-
H i

-

+
P
- =

-

vepe b barror o oo

mi-

£
ot

i
=
g
r

-
-
puct

i
—

o

o

-
E
i
=
T

£

iH

F

)]

™

ER RN

0 O P R RS I |

bl O B IR o e & A

Label E'.

Calculate WR

Advance paper

Subroutine sets up a
CROM call to calculate
WR

Preserve old WR

-

Tad

- -
- -
.-
=l

-
r
.
~
-
- =
- e

!

1

}
N I

| __
Case for environment
category 15

Start of inversion for
WR

Wt

g
e
i e e
L
J=t
I
g
i
=

.
)
T

o =
o=

1T e
N Fo

-

8
r
|
™~
s

P

T

y0'=1ower Timit for WR

Set up W

Shift wl, Wz, W

until N3 - W

3

)

Case for W - wf
(Wg = W/yype)

Calculate upper limit
on WR:

- 1.
WRmax—exp(wf+§.u3)

o

o msbedn e e e s
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STEP CODE

KEY

PROGRAM MEMORY (LIST)

COMMENTS

KEY

COMMENTS

197
i

] da e

Bl e
8 RN BN

==

=

I

T
7

L
=

-y
ke

Y+104exp[-3(wf-w)]

Calculate WR(Y) and
adjust Y

STEP CODE

[ Y KA

Iy Lyt

SO

Label =,

Calculated Yield.

Print WR

Print environment

P Tl Pl Ty Tl Dol Dl Doy Bl Tl Bl

fovaa e v

LI P P T 00 T U e b

0 LRI, I SR IR SR S W SN [ R R U (P

e cnonenenanon

et} g

£
£ il
g3 2l
£4 0 I3

R

= i
E -5

VT T T B0 P T B Tl P e T Tt P P T Ton T Tt B Pl ot T T Tt Bt T2 B P Pt TodT e

LU R O RN §

i
—
Fa

Print HOB

Print Yield

Set up interpolating
polynomial:

R23 = w3

R24

Wy

y in R23
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PROGRAM MEMORY (LIST)

STEP CODE

COMMENTS STEP CODE  KEY COMMENTS

e

ST
]

Rt

|
in R25 - - |
B in (y-yg )4y -yg)+4 |
[
I
|
=(y-y )+(y -y.)+ '
Rog¥=(y-y )+(yq-y,) | d
4-R0O0 L
28 in R24
Y(obtained from cubic }4
spirals) ‘ a
Solve for (yq- YO)
Store limit on WR j #
Calculate f"(ya 'YO) Calculate WR at newly
i found yield.
Calculate f (yq- YO)

-f{yg - yg)ita

i
Correction to yield i
=% LLFE |Environment categories ;
ER S 19 and 20 '
o R 'R
= f(yq-y0)+¢-f (yq-yo) ;j CE
FoL 55 -
Y i LEBF
i T 0% 05
‘ETD e ~ = =7 ;
feae f (yq yO) z2 »:7 [upper Timit on WR C
D e o 10-4 4 "




STEP CODE

PROGRAM MEMORY (LIST)

COMMENTS

CODE

KEY

COMMENTS

SEd

I R (S RN U SN ST TR W N SR AN &

N R N O DR VN
SOV UL RN ) [ =S ORI N

el N Y]

£of b B de da g do B L

Joo 70

L g [ v

TR

D b R e T b
R Tt b Ly M CP ] Dy g vy

R i B

[ AL SRS S

L ) L 7 WO B | B U IR

N EE

[N RSO MR LI [ SR SO ) AR LY AR Y A W WL

| R

A e

a I b

R IOUR

KEY

ST
R
4

m
I fa [T e

-1

m
[ 0T [T b

an
wo b T T T e

T

T

H in R11

Lower limit on WR

(so as to retrieve 2
digits at a time)

L.
Q

STEP

% IR 0 e RS R SN
ICIOVICEDOUIEEN B I 4 B =S ORI RO Y I W I A S 1 ¥ R RIS

R S T B Bl B |
FaTo 00 Lo L0 T pes

-~ 4

3
4
1

4
4+
g
4
3
g
3
&
4
3
<
-+
<
s
o3

DY 0]

Y |

LB I

et d

—

ap

5

R
i F

o

— g

E

T iTe b ar

T T ST e

ITY R e

[l

ed e

e SO

s

v

ra

IR s R

BN

SEF

Label E.
Initiate calculation

R11 = 0

Repartitions

Environment to t
ROz = 10

Environment categor-
ies 19 and 20, qo to
373

Environment category
15, go to 133

l Retrieve data for y,
and A
’ opt
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i PROGRAM MEMORY (LIST)

: | STEP  CODE _ KEY COMMENTS STEP  CODE _ KEY COMMENTS i
4530 40 IND SIE

SEart of case for
Hopt' Listing for

surface burst case is
shown after listing
for Hopt case

Packed data

Y et

Change number of digits
to be retrieved

1)
e T T B Lt 0 b V0

BURS KRN

o e o

t
[0 LV v

4 TN O T L TN N O R O O P R < 0 N S e SN S SR
FWIEN

PO

T

Indicator to program

that HOpt case is 1in

memory

Bl for g €0 Cur e
P2 ORI T LE TN LI I 0 RO R B

> unpack Y0

= et
I e e | OO

) [
Start of calculation
for yé

T 4 T e

VAL L s T fas v ey

[ ) O SO & S oS ST 3 B AP ) ISR SO et
-
e I M

[




PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP CODE KEY COMMENTS

T ] g

4
i3

Program for HOB=0

Retrieve packed data

S R
g, o
L -
5= =

W

‘.
SO

G e

g Ul

Unpack Yo © yb

Indicator to program
= ; that surface burst

PO P B B LN

o H case is in memory.
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BBl onAa AP-550 CONTROL A1 HTi EEEE

CRATERING, 2nd DOB CALCULATION

1.n— CALC

YIELD HOB MEDIUM R Toe — 2nd DOB

SOURCE OF DATA:

Defense Intelligency Agency, Physical Vulnerability Handbook -
Nuclear Weapons (U), AP-550-1-2-69-INT, June 1, 1969, Part 1I.

DESCRIPTION:

A. Objective

Program 7.1 of the AP-550 CROM calculates the upper of two
depths of burst of yield Y, which will produce a crater of a
specified radius, (R), in the designated earth medium, (M).
This control program calculates the greater of the two depths,
and, for convenience in comparison, will exercise program 07
if desired. Keeping with the convention established, a depth

of burst is referred to as a negative HOB.

B. Inputs - Outputs

The user enters the weapon yield, (Y), crater radius, (R},

and medium number, (M), corresponding to one of these media:

Dry rock (M=1)
Wet rock (M=2)
Dry soil (M=3)
Wet soil (M=4)

Inputs may be entered in any order.

The program includes limits for all entered values:

0.1 < Y < 30,000 KT U.L. = 151(y)0-§ for M=1
1 <M< 4 ‘ U.L. = 172(v)9%2 for M=2

s Ms l U.L. = 159(y)0-3 for M=3
0 < R < upper limit (U.L.) U.L. = 210(Y)0:3 for M=4

After the calculation is initiated, the program checks each
value against its limits and prints the value. If a limit

is violated, the calculator stops printing the inputs and
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flashes the exceeded limit in the display. The input value
is printed with a question mark and put in the t-register,

To re-enter an acceptable value, press CLR and re-enter the
new value into the appropriate key. Then press R/S to start

the calculation over.

The calculation can be started by pressing key E or R/S

after the appropriate data is entered.

C. Special Features

The five cratering calculation options given in Section 7
of this document can also be run by entering the appropriate
calculation number in key 2nd E'. The program leaves the |

calculator in the radian angular mode.

D. Data Storage Locations and Printer Alphanumerics

The user may find the following information in the indi-

cated registers.

Variable Register Alphanumerics
Yield R10 Y
Medium R12

Radius R13 R

HOB R11 H
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EXAMPLE #1:

Find the greatest depth of burst (a negative HOB means a dis-
tance below the ground) for which a 10-KT weapon will produce a

crater radius of 315 feet in wet soil.

Compare this to the DOB nearer the surface at which the same

weapon will produce the same crater radius.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT
1 Turn off, then on 0
2 Read one side of program card 1,
3 Enter yield, Y (KT) 10 A 10.
4 Enter crater radius, R (ft) 315 D 315.
5 Enter medium number (1=dry rock,
2=wet rock, 3=dry soil, 4=wet soil) 4 C 4.
6 Calculate the DOB (ft) E 10. y
4, i
315. R
-447, H
7 Calculate the upper DOB (A) 7.1 2nd E' 7.1
10. Y
4. M
315. R
-72.4 -72.4 H

PRINTER OUTPUT:

—-

iy I
Z1E. =
44T, H
i
1, |
3. H
315, F
T4 H
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EQUATIONS

Definitions

Y = Yield (kilotons)
HOB = Height of Burst (feet)
R = Crater Radius (feet)
R
n O +d
Define z: 2 = arc sin|—W—m——— (1)
C
20/3
Then HOB = —3.3(Y)O‘3exp[9———<~%——] (2)
The coefficients are:
Coefficient Dry Rock Wet Rock Dry Soil Wet Soil
a 150.0 153.0 117.0 128.3
b 37.0 36.0 25.0 29,0
c 6.02 5.15 5.07 8.35
d 1.0 0.0 0.0 3.0

NOTE:
Equation (2) is an analytic inversion of the crater radius
curvefit equation:

g 0.15
* R = (Y)O'3exp‘c sin|la-b'n _—HoB o - d)
l 0.3 ‘

3.3Y
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PARTITION FLAG COMMENTS FLAG COMMENTS
479,59 Not used y
AUTOMATIC

LIBRARY MODULE

CROM A-] J

DATA REGISTERS FOR EXAMPLE 1 LABELS
DATA COMMENTS STEP CODE KEY COMMENTS :
— )
N n.n 1T 14 &' |Unpacker rtne. '
Temp 1 & |Store yield {
Temp % jStore medium
Temp 3 I |Store radius
Temp 2 .5 7|Prepare forcalc .
Temp = £ |2nd HOB calc. ‘
- 2 27 ICROM cratering
: > B |Store HOB
Y |
H
M
R 1
¥
Z1 | Temp
= Temp
Temp
Temp
)
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ST

PROGRAM MEMORY (LIST)

COMMENTS

CODE  KEY COMMENTS STEP

(4
‘ o g ; Upper Limit R
’ 5 . for radius 3
! - - M =1 -

Upper Limit
- for radius
M=2

o} e
|

Upper Limit
for radius
M=3

| IR R I | R

= Upper Limit
for radius
M=24

S B
I O T A O B A Y W

I C A SR R

Label A",

Call Pgm 7
Unpacker

[

Label A,

o

Store yield in R10

; Go to Label WRT
s Label C.
;é: Store medium in R12

Go to Label WRT

Label D.

Store radius in R13

1 s

Label WRT.

: iz Remove scientific and {

G fixed notation from e
B S display. k=1
N R
a4 Dz ez
a5 =22 F e
tar Ta LEBEL [ Label E. 3
047 1% E [

DRSO SN T RO

T 0 P T e

DR RN BRI

o
B BRI RS N B

I ol

Faobo b

beo

R

3

1

Reset flags 0 and 1

Store 10 in RO?Z

Call yield limit
checker and printer
Add 1 to R02

Call medium Timit
checker and printer

4-M-4
Store in R?21

Limit checks for
radius

Lower Limit = 0O

Alphas for "R"

Call radius upper
limit

Take 1), L. (Y)O‘3

Check 1imits and print
radius

Begin calculation
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PROGRAM MEMORY (LIST)
CODE  KEY COMMENTS STEP CODE KEY COMMENTS
Se B 1165 144 55 -
Do |22 EE |
zo PG Call the routine to get = 5
G700 the coefficient string B Call routine to finish !
LR containing a, b, ¢ and - eq. 2 and print small- .
KN d - er HOB f
RO2 = 3
Call unpacker to get a,
R24 = a l
Call unpacker to get b, WiTT do calculation
again when R/S pressed,
R25 = b Label E'.
Call unpacker to get c, Call APS50 INPUT Pgm.
put ¢ in t register to begin calculation,
Calculation of eq. 1 [abel B
13 Store HOB in R11l
ek
EE z in display
- Calculation of eq. 2
'
23 RCL
Z4 0 zZ4
33 4o
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APPENDIX D: PROBABILITY OF DAMAGE TO
IRREGULARLY SHAPED TARGELTS
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Bl onaA AP-550 CONTROL A1 +HTi IFEER

PROBABILITY OF DAMAGE TO IRREGULARLY SHAPED TARGETS

cer e OFFSET Sigwa | 3o CALC
WEAPON LENGTH OR WIDTH OR
ANGLE SIDE 1 RADIUS SIDE 2 SIDE 3

BEE ona AP-550 CONTROL A1 =7 BEED

PROBABILITY OF DAMAGE TO IRREGULARLY SHAPED TARGETS
_ e

SOURCE OF DATA:

Defense Intelligence Agency, Physical Vulnerability Handbook -

Nuclear Weapons (U), AP-550-1-2-69-INT, June 1, 1969, Part IV.

DESCRIPTION:

A. Objective

The objective of this program set is to provide calculations
of average probability of damage for rectanqular, triangular
and elliptical targets with uniform target element distributions.
These programs use the Probability of Damage to Point Targets
CROM program as a subroutine. The weighted point method 1s
used and therefore target size limitations must be imposed to

ensure accurdacy. The limitations are:

Triangular target: longest side < CEP
Rectangular target: diagonal < CEP
Elliptical target: major axis < 2 x CEP

If target dimensions are greater than the limitations im-
posed above then the general case method for area targets should
be used to compute the Pd. This method requires that the area
target be divided into small cells of equal area whose greatest
dimension is less than or equal to 1/4 of the CEP. Each cell
is then considered a point target and the Pd to cach cell is
computed using the point target program with an offset equal to
the distance from the DGZ to the center of each cell. The Pd

to the whole area target is then obtained by averaging the Pd
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to each cell. To implement the general case method for area
targets, the user must use program 3.0 and then manually com-

pute the average Pd.

B. Inputs - Outputs

The three calculations comprising this program set and
their necessary inputs are as follows. Figure @ cives a

graphical representation of the inputs.

Program 3.3: Probability of damage - rectangular targets.
Inputs: Offset of the DGZ from the target center, (x) ft.

Angle between offset line and length, (A) deg.
Target length, (L) ft.
Target width, (WD) ft.

Program 3.4: Probability of damage - triangular targets.
Inputs: Offset of the DGZ from the "offset vertex", (x) ft.
Angle between offset line and side S1, (A) deg.
Lengths of the three sides, (S1, 82, S3) ft.
Note: Sides S1, S2 and S3 are defined by moving clock-

wise from the "offset vertex"; which is the
triangle vertex to which the offset distance (x)

is measured. (see figure 3)

Program 3.5: Probability of damage - elliptical targets.
Inputs: Offset of the DGZ from the target center, (x) ft.
Angle between offset line and major axis, (A) deg.
Length of major axis, (L) ft.
Length of minor axis, (WD) ft.

C. Limits

Rectangular targets:
2 2,1/2
Length (L): WD < L < (CEP® - WD") ft.

Wwidth (WD): 1 < WD < L ft.
Triangular targets:
Longest side (S): 1 < S < CEP ft.

Elliptical targets:
Major axis (L): WD < L
Minor axis (WD): 1 < WD

A

2 x CEP ft. ,
L ft.

1A
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RECTANGULAR TARGETS

////////”A Desired Ground Zero
X AN -
~ ‘////////;;fset line
I % Line parallel to length

J- Target Center passing through target

center

—
- | =

TRIANGULAR TARGETS

A
offset
vertex

-]

offset
o vertex
\
: SR
offset vertex
T offset line X
offset _ _
offset line tine
Desired Ground Zero Desired Ground Zero Desired Ground Zero
ELLIPTICAL TARGETS
offset

line Desired Ground Zero
X/

Definition of input dimensions for various arca tarqgets.

Figure 3.




,'-___,,., , r————— I Saa

Input limits common to all target types:
Offset angle (A): A > 0 deg.
Offset (x): x > 0 ft.

CEP: CEF > 0 ft.
S £ 0.5
Weapon radius (W): W > 0 ft.

Damage sigma (S): 0.1

IN

D. Data Storage Locations and Printer Alphanumerics

The user can find the following information stored in the

indicated registers.

Variables Register Alphanumerics
program no. ROO --
r angle R10 A
triangle Sl R11 51
weapon radius R12 W
triangle S2 R13 S2
triangle S3 R14 S3
rect. length R13 L
rect. width R14 WD
major axis R13 L
minor axis R14 WD
CEP R15 C :
target radius R16 TR 1
offset R17 1
damage sigma R18
Pd R19 P :

E. Special Features ‘

The user may run the programs described in Section 3 of
this documentation by entering the appropriate program desig- k
nator (3.0, 3.1, or 3.2) with key 2nd E' of this control program.
If this is done, a value for the target radius will be printed
for all three programs even though the value is used in programs
3.1 and 3.2 only.
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EXAMPLF #1: Probability of Damage to Area Targets

Given the following information:

Weapon Radius = 400 ft Offset = 200 f¢t.

CEP = 320 ft. Damage sigma = 0.4
calculate the average probability of damage for the following area
targets.

(1) A 240-ft by 80-ft rectangle with a 53-degree angle between
the offset and length lines.

(2) A 260-ft by 100-ft ellipse with the same angle between the
offset and length (major axis) lines.

{3) A triangle with S1 = 100 ft, S2 = 100 ft, and S3 = 100 f¢t,
and a 210-degree angle between offset line and S1 measured
in the clockwise direction.

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

1 Turn off, then on 0

2 Read both sides of card one, and

one side of card two 1,2,3 -

; 3 Enter weapon radius 400 C 400. '
) 4 Enter CEP 320 2nd A' 320.
; 5 Enter offset 200 2nd C' 200.
g 6 Enter damage sigma .4 2nd D' 0.4

Target 1: Rectangle

Enter target length 240 D 240.
8 Enter target width 80 £ 80.
Enter angle betveen offset and
length lines 53 A 53.
10 Begin rectangular target calcu-
lation 3.3 2nd £ 3.3
400. W
(calculation takes 1.25 minutes) 320. C
0. T
200. X
0.4 S
53. A .
240. L ’
80. WD
0.432 €.432 P

Target 2: Ellipse

11 Enter target major axis 260 D 260.
12 Enter target minor axis 100 3 100.
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EXAMPLE #1 (Cont.)

STEP INSTRUCTIONS INPUT KEYS DISPLAY PRINT

13 | Begin elliptical target calculation] 3.5 2nd E' 3.5

{calculation takes 1.8 minutes) ggg'

200.

53.
260.
100.

0.43 0.

[en]
S
=
0 O >V 0O XE

)
w

Target 3: Triangle

14 | Enter S1 100 B 100.
15 | Enter S2 100 D 100.
16 [ Enter S3 100 £ 100.

17 | Enter angle corresponding tc the
number of degrees in the clockwise
direction between the offset line

and S1. 210 A 210.
18 | Begin triangular target calculation| 3.4 2nd E' 3.4
. . 400. W
(calculation takes 1.0 minutes) 320, C
C. T
200. X
0.4 S
210. A
100. S
100. S2
100. S3
0.416 0.416 P
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EQUATIONS

Definitions

WR = Weapon radius

X = Offset

o = Damage sigma

CEP = Circular error probable
TR = Target radius

P = Probability of damage

At ecn B e

Routines 3.0, 3.1 and 3.2 |

Initially the following adjusted values are calculated:

CEPa = CEP2 + kTR2 (1)

where k = 0 for point targets,

k = 0.231 for circular targets with normal distribution.

For circular targets with uniform distribution:

k 0.4 when TR < WR+ CEP + x

k = 0.5 when TR > WR+ CEP + x

Wl = WR: CEP_ (2)
For W1 < 30, the following curvefit coefficients are calculated: ]
_ o 1o o WL ‘
b = 26 exp( 2.10 16) (3)
4]
_ _ k.?lexp —;—J :
a = exp _(l339exp( 4;;) 20+3.7) (0.3) '—(wl'»l) (1) g
where y = 700005'6[exp(—210)(W1—5.5)] (5)
Ry = (3.60-2)Wl = (1.3+1.10) In[W1(0.24+0)] (6) !
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e = Wl-0.2-(6+[8]D) (7)

-5
where 2 = 0.61 (Wl + 4o~ 3.2) (02°23+%§) (8)
o~ "
Vo= :n[0.6w-+%J (9)
< 1 . -
where { = 17 exp (100 ~1,1W1) + 299 p[9.47J |
Wl , 10 '
79 exp(-2.690) - 2.7%no (10)
T' = tan[b(c'=-5)] (11)
L' = inf[:+ ¢l +107°) (12)
where RN S (13) |
2+e=-¢"
With these coefficients, the code proceeds to calculate the
probability:
X1 = X:CEpa (14)
_ (1-a) c a X1 —-c'+2 }
R' = 3.89{ L tan[b Xl— )] +ET in [-E—_—:T—_*T (15)
for X1 > 2, R = -R' (16)
for X1 - 2, R=\_s(45Xl)(RO+6¥—l§+Q)—R' (17)
For Wl > 30, R is given by,
R = -0.07z° - 1.6z (18)

where z = Ln[(1—02)¥§]%~/-0n(l-n2) (19)

And finally to go from the transformed R space to the

probability P we have

3 1 ]
P = {Texp (@ (20) ‘
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Routine 3.3 Average Probability of Damage to Rectangular Targets

Definitions

D.l = distance from the desired ground zero to one of the four

corners of the rectangle.
A = ancle between the offset line and length
L = length of rectangle

D = width of rectangle

Pr = average Pd to the rectangular target
For i = 1 to 1 = 4,

D, - [(XCOSA—O.SQL)Z + (XsinA - O.ShWD)z]l"
where g = sgn[cos (901i+45)]

il

h

(Sgn is the signum function.)

sgn[cos (90i-45) |

The following table shows i, g and h:

i g h
1 -1 L
2 -1 -1
3 1 -1
4 1 1

For ecach Di’ P(Di) the probability of damage to a noint target
for the desired ground rero a distance Di from the target is

calculated by setting X = Di in equations 14 throuagh 20,

6P (X) + P(D,) +P(D,) +P(D.) +P(D,)

1 2 3 4
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Routine 3.4 Average Probabilitv of Damage to Triangular Targets

Definitions

D = distance from the desired around zero to the

vertex of sides S1 and S2

D. = distance from the desired around zero o the
vertex of sides 82 and €3 {

N

21, 82 and S3 = 3 sides of the trianale (sce flgure 3, 1 .D-5)

D = distance from the Jdeeired ground zero to the

centroid of the trianual:s

PT = Average Pd to the triansular taraet

L2 2 A , B .
D = {[(S1)Y" +¥7 = 2(sl)NcosA]| P

12
2 2 . . . ' .
D>3 = [(83)° + X7 =2(8S3¥)Xcos A+ Y]
(1) + (23) 7 = (82)2
<3 - S2 T,

where - = arc cos{ ASBNEES .

2 2 o
D. = (M7 + X7 - 2MYcos (A+ 1)) N

S1 sin () o
2 sin(:+ ) )

Il

where M

2 0 5
‘ 3(S1)° + (ST - (02) |
= 4rc COSdem——— ZoEol o T T

bsy [8(s1)® + 8(sn ™ - acemi-|

CoEoarc cnsiy
'(Sl)[2(82) + 2(&

3y w )
7P(DC,+I7LJ +I(D12

S 0




! Routine 3.5 Average Probability of Damage tc Elliptical Targets

[ Definitions

Di = distance from the desired ground zero to the corners and

midpoints of sides of an inscribed rectangle in the ellipse

A = angle between offset line and najor axis

L = length of the major axis f
WD = length of the minor axis ]
Pe = average Pd to an elliptical target

padhad i

B}

5
/ 5\ 2

£/L7 - WD“) ( . WD”

—_— + [¥sinA - j

i%:
SNa———
[N}
w
w

Di = }(XCOSA -

n

where f sanfcos (451 + 45) | (34)

j = sgn{cos (451 - 45) | (35)

St

The following table shows i, f and j

i 3
1 0 1
2 -1 1
30 -1 0
4 -1 -1
5 0 -1
6 | 1 -1 ]
7 1 0
8 | 1 1
> - 4[p(x)+p<ol)+p(D3)+9(D5)+Z;D7)] + P(D,)+P(D,)+P(Dg) +P (Dg) o) ) !




i— PARTITION FLAG COMMENTS FLAG COMMENTS
See Pgm. 3
553.49 Al CROM flags
AUTOMATIC
LIBRARY MODULE
CROM A-1
DATA REGISTERS FOR EXAMPLE LABELS
DATA REG. COMMENTS STEP CODE KEY COMMENTS
Program no. 221 11 A (Enter angle
W1 ST zd oz T|Clear format
Print Routine Ind, Reg.|Z:< =z 7 |Triangle calc,
CEP, = - {Limit ch~cks
Iua, T Temp R k=) §C31g' 3.0, 3.1
¥emp EECE ZiCosine law
emp “ - 2 = -|Distance calc.
Temp LI = =~ C|Calc, P(Di)
Temp DIt == FETLimit checks
- Temp 7. . F:I7 Rectangle calc.
A T 7T *&T Rectangle calc
HEEN N Tf =T = Print P
1= |WR .. = £f£ ENipse calc.
1% (S2o0r L SIt 2: Z T Ellipse calc.
14 |S3 or WD el : £ |[Enter SI
i= JCEP R o T 'Enter WR
12 | TR ZT< i T |Enter SZ or L
x = 1= Z (Enter S3 or WD
Damage Sigma Zed e &t lEnter CEP
p e Enter TR
Temp = Enter Sigma
- o Enter x
o = ~g|Flag 7 check
b Z: &7 ‘|Advance paper
zz |a =2 & 7-jProgram stops
-= |Rg T oe here
25 s = |Begin calc.
73 [, 1 F Z{print angle
Temp
L Registers 29 through 49
i unused
i
. 4
i 25
i TR
.
N L




DT —
PROGRAM MEMORY (LIST)
STEP CODE COMMENTS STEP CODE  KEY COMMENTS
SOn T LEH Label A, sac 30 3 (1 See Egs. 1 through 20
=2 272 lGo to Label RTN
T Store angle in R10 B .
_T =T jLabel C0S.
2 Label WRT. 7 L% jRoutine used in the
o R triangular targets
z Remove FIX and Scien- T2 calculation to perform
?i tific display formats S T cosine law.
z 23 EIL |See eqs. 25, 26 and 27
= Option to run same Tl
x calculation with R/S. ER R B A
= Put 3.n in display £5 :
;i Go to Label E' I
- Label VX, 5T
= Calculation routine for L; | E:
: trianguiar targets BRI
: (s1)% + (53)% - (s2)° 43 FiL

I

ISR X

Jooerte

Lop e
[ R P

T

o I

H 1

EF
(i

Label 0P,

Printout and 1imit
check routine for
triangular targets
routine

Recall alphanumerics
put in t register
Lower Limit = 1
Upper Limit = CEP
€all Pgm. 9 to check

limits and print
value

Label PGM.

Call CROM Pgm, 1 to do
calculations 3.0, 3.1
and 3.2

*

(AT Y AN AR SOV
aben Ja

Go to Label GTO

D EAKEE

(R A

T

U I I S SRR 0 I

i i)
i =

T

b

AN R )

Label P/R.

Routine used in the
rectangular and
eli{iptical targets

calculations to calcu-

late Dy

See eqs. 21 and 33

Calculation of g and h
(see eqs. 22 and 23)
or f and j {see egs.
34 and 35)
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[ T e —
PROGRAM MEMORY (LIST)
COMMENTS

STEP CODE  KEY COMMENTS

Label GTO. i
Call Pgm. 3 to calculate +
P(D,) ZER
FET
See eqs. 24, 32 and 36 F;"
Store sum of P(D.) in 2
R28 L i 4
4z =70
| Label PRT. be s
[ =T I
Limit check and print- CiRAD
out routine for rec- Heooe
tangular and elliptical E—i o
targets i Eaii

Upper limit

"L" alphanumerics

Lower 1imit = WD

Call Pgm. 9 to check
1imits and print out L

Store L in RO7

"WD" alphanumerics

Call Pgm. 9 to check
1imits and print out
WD

Store WD in RO8

Label RST.

Start of rectangular
targets average Pd
routine

Call SBR PRT to check
Timits

6 P(x)
see eq. 24

i=14
Store { in RO6

Label RAD.

Call SBR P/R to calcu-
late D1 and P(Di)
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| STEP CODE KEY

PROGRAM MEMORY (LIST)

Repartition back to
normal partition

Call Pgm. 3 to print
out P

Go to Label ADYV

Label EE.

Start of elliptical
targets average Pd

COMMENTS STEP COOE KEY COMMENTS
%2 | 1f i > 0 subtract 1 S4 3V FoF |See Eq. 36
from 1, store i in Z41 C!
RO6 and go to RAD ' Subtract 1 from i
Label =, Call SBR P/R to calcu-
late Di and P(Di)
For i = 0

4p(D;) for { equal to
1, 3, 50or 7

If i > 0 subtract 1
from i, store 1 in RO6
and go to EXC

Divide R28 by 2.4

Go to Label =

25 routine ~: LEL TUabeT B,

o5 4p(x) 1z E

T : See Eq. 36 42 270 | Store S1 in R1}

S5 PR Call SBR PRT to check i

I OWE Timits = Go to Label WRT

;EQ ‘ ; Label C.

oy 1

45 = w02 13 Store WR in RI12

35 Store T in RO8 e

A See eq. 33 E": Go to Label WRT

Sd 4 - f5= Label D.

43 RCL L |Store either S2 or L in
o7 or i iz R13

E : B OGTO

b = S WET | Go to Label WRT

Td o TF LEL |[Label E.

42 270 A2-wp2 n % E

I Store WD< in 07 42 STO |Store either S3 or WD
os = See Eq. 33 HE S -t in R14

42 270 i=28 £l GTO

0e 05 | Store i in RO6 3o WRT (Go to Label WRT .
& LEL [Tabel EXC. Je LEL [ Label A'.

4 ENC | Call SBR p/;)z to calc. le B!

1 SEF Dy and P(Dj 4> =70

236




PROGRAM MEMORY (LIST)

Co e -

STEP CODE

KEY COMMENTS

KEY

COMMENTS

STEP CODE

Store CEP in R15 42 570
A Go to Label WRT
Label B'.
< Store TR in R16
Z Go to Label WRT
& Label D'.
Store sigma in R18
Go to Label WRT
Label C'.
Store x in R17 Label ADV.
EQ Reset Flag 2
2D ORTH
2 e DEY
E - RO :
- i T T i
: R et TE Label RTN
Lo £ e 4Z Store P in R19
| : . TTE BT
- DT R Program stops here
e dee Recall 3.n
-F S
- F SEE Label E'.
; Zes o ih
. <R ERI Start of calculation
- e S Store 3.n in ROO
O L Reset Flag 7
Lok i R i
FCE TR el Set degrees angular
= S TeooEl | mode
TI0 04 4 "z 2% CLF |Remove pending opera-
U IE Fon R £ tions
2 0% 0 R e
“LE T OSEF R Y :
a4 oo oo TR
IS 3E oc R N P
R - - S - -




PROGRAM MEMORY (LIST)

STEP CODE KEY COMMENTS STEP COD KEY COMMENTS
24 F7 OGE [If 3.n < 3.2 go to 42 Y1 ZEF |Remove FIX and scientif-
= ZE FEM | Label PGM I3 & WET | dc display format }
k Recall 3.n o5 !v
g3 : Repartition calculator '
Print 3.n 17 B to 559.49

“S" alphanumerics

[

Store .n in RO5

.

Store in RO7

Call SBR OP to check
Timits and print Sl

Store 3 in ROO

Set flag 2
Call SBR COS to calcu-
Jate D12 and P(D12) {

See eqs. 25 and 32 :

Call Pgm. 3 to print
and check Timits on
WR, CEP, TR, S and

: to calculate egs. 1 Call SBR OP to check .
E through 20 to get P(x) Timits and print S2
: 1
g store (52)2 in RO8 i
X Call SBR OP to check )
Store 3.n in ROO again 1imits and print S3 ;
i
Label /S, Store (53)21n RO9 :
1
: Calculation of '
- ; ;
=L :
. Call Pgm. 9 to check | SE2 =5 - |See eq. 27
- Timits and print A See e o
o seT 5T -
: S
i _ “es . Do
HEE srs T -
S FLL SET 4 F ,
0T 05 S0 e !
S2 0T 1 If 3. = 3.3, go to SorTt =
T Label RST B T
- (Rectangle calculation) = _: =7 ~iL:
o By A T Put - In t rcgister ;
I ST LT RO
RICIE If 3.n = 3.5 q0 to STE SR
I Label EE (Ellipse <77 T EF 1 Call SBR COS to calcu- }
&7 E calculation) e R e Tate D
22 EE 473 T1 LEF | See eqs. 26 and 32 ¥
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PROGRAM MEMORY (LIST)

CODE KEY COMMENTS STEP CODE KEY COMMENTS
EEI Calculation of ¢ B2

]

x:‘El

See eq. 30

et

[ R

B B S N RN TR N

o

Calculation of M

See eq. 29

0 BN (R ) RN S O PR
HEER

4 il ]

FY ocf
N N
i ~
e - -
el = i =
e
52 55
ity i a7
=5
ke

I S
RN

Store ¢ in RO7

S R O

Call SBR COS to calcu-
late D_ and 7P(DC).

Store ¢ in t reg. s
4 % | See egs. 28 and 32.

URDLIR O]

Calculation of «
See eq. 31

VT LR Fe G Tod e T

T T

Go to Label =

1
D}
=

e
N

B
T

I

(1 A

EA

S ]

Y

CRCNaN ey N e enenen ey N enenNenen e e e oo e e e v e o ol o o Fa o e e S Be e B o e fe Lo o e g e

[ U SN IOU SO0

i BT | [ PR RN S RN WS B BER IR ) B SO WACR RN
Ky
-n

D)
DO

W
DOON
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